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PREFACE. 



In this edition of our text-book we have adhered to the de- 
sign of the edition of 1895, to present the facts leading to a use- 
ful knowledge of mineralogy in such a manner that the student in 
the technical school and the professional man in the field may 
readily learn to recognize or, when necessary, to determine all 
important minerals. 

We have made a number of changes and additions which 
experience has shown to be desirable. Some of these are : 

Part I., Crystallography, has been entirely rewritten to conform 
to the now accepted classification, and under each class there 
have been assembled combinations found in definite species. Over 
one hundred figures have been added. 

Part II., Blowpipe Analysis, has been carefully revised, new 
figures drawn and discussions of the use of the spectroscope, and 
of metallic sodium added. 

Part III., Descriptive Mineralogy, now includes about forty 
pages designed as an introduction to the later study of minerals 
in thin sections under the microscope. The cuts throughout the 
descriptive portion are new and the faces of crystal figures are let- 
tered to facilitate the recording of angles. All crystallographic 
descriptions and economic discussions have been rewritten. 

Part IV., Determinative Mineralogy, has been entirely rewrit- 
ten and greatly simplified. 

Many suggestions have been made to us by instructors using 
the book. In so far as possible we have acted upon these sug- 
gestions and we sincerely hope that the new edition may receive 
approval. 
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2 CRYSTALLOGRAPHY. 

proved that in definite chemical solids the velocity of transmission 
of light, is exactly the same in all parallel directions, but is not 
necessarily or even generally the- same in directions not parallel; 
whereas in glass or other homogeneous solids which are not defi- 
nite chemical compounds the velocity of transmission is, generally 
speaking, the same in all directions and portions, or if unlike it is 
without any regularity of difference. 

The same constancy for parallel directions and variation for di- 
rections not parallel is shown for other physical characters such as 
expansion from heat, conductivity of heat or electricity, and even 
color and lustre, proving beyond reasonable doubt the regular 
constant arrangement of the particles in straight lines and planes. 

LAWS OF CRYSTALS. 

The polyedral solids or crystals which so frequently result 
from a solidification are infinite in variety. Each substance may 
occur in a large number of different shapes, no two exactly alike, 
yet extended observation has shown that they follow certain laws 
with absolute fidelity. 

The three great laws of crystals are : 

I®. The Law of Constancy of Interfacial Angles. 

2°. The Law of Symmetry. 

3°. The Law of Simple Mathematical Ratio. 

Law of Constancy of Interfacial Angles. 

Figs. i-6. 








The variations between crystals of any one substance are limited 
by the following law : 
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In all crystals of the same substance the angles between corre- 
sponding faces are constant,^ 

Figures i and 4 represent actual crystals of quartz. Figures 2 
and 5 are sections of these in the direction of the plane of the 
paper which show that the angles between corresponding edges 
are equal. The same is shown by the horizontal sections, Figs. 
3 and 6. 

Similarly in Fig. 7 the faces of the mag- f"*G. 7. 

netite crystal are exactly parallel to those of yi I \ 

the ideal octahedron represented within it, // ; \ 
that is, such crystals of magnetite are /-/-^^^' \ 

bounded by faces which may or may not be ^-''^^^ \ 

equal in size but in which the angle between ^. • J 

adjacent faces must be 109° 28' 16". nCZZHZI/ 

Law of Symmetry. 

In any crystal, faces and angles of the same kind are repeated 
with some degree of regularity. 

This regularity is called the symmetry of the crystal, and its 
law may be stated as follows : 

All crystals of any one substance are of the same grade of sym- 
metry. 

To understand this law certain definitions and explanations are 
essential. 

A crystal is symmetrical to the center when every straight line 
through the center encounters at equal distances on each side of 
the center two correspondingf points of the crystal. 

A crystal is symmetrical to an axis when if revolved about this 
axis the crystal reoccupies the same position in space, two, three, 
four, or six times during one complete revolution. That is, corre- 
sponding groups of planes exchange positions after revolutions of 
180°, 120°, 90° or 60''. 

The crystal of gypsum, Fig. 8, is symmetrical to the axis BB ; for, as shown in Fig. 9 
both when the point a has moved to b or again to a the crystal occupies the original 
position'in space. Moreover for any intermediate position of a such as c the space oc- 

* Steno in 1669 announced that in rock cr>'stal there was no variation of angle in 
spite of the variation in relative size of the faces. 

Rom^ Delisle in 1783 measured and described over four hundred crystal forms and 
announced that in each species " the respective inclination of the faces to each other 



never varies." 



t For instance, the centers of similar edges or the intersections of similar lines, or 
the centres of similar faces or vertices of similar polyhedral angles. 
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cuped ii dittinctly not the same. Thai it, BB is ui axii of tuia-feld or Unary tym- 
melry. 

Fia. 8. Fig. 9. 




The ciysUl of calcitc, Fig. 10, has several axes of sjromelry. Of these the rerliaa 
lis i- is an tt«is of Ihrerfeld or trif^nal symmetry for, as seen in horizonlal projection. 





Fig. II, vheo a has moved to j or to f or agun loi, the crystal occupies the $1 
Fio. II. Fic. 13. Kic. 14. 



£ 




Uy 



The line CCIn the titcon crystal. Fig. 11, is an *.m o{ fourfold ot litragtmal ^m- 
metry, for, as shown in Ihe horizontal projection, IHg. 13, the cryjUl occupies (be wune 
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poshioii in space when any pcnot a bas moved ia i, t, dot igain to a, and docs not for 
any otbei positioii. 

Fioalty the line CC\a the apatite crystal. Fig. 14, is aa Msia oi six/old tr iexagmal 
qrminetTy, became, as shown in borininul projection, Fig. 15, the crystal occupies the 
lame positioD in space wheD any point a has moved to i, e, d, e,f or again lo a. 

A crystal is symmetrical to a plane when the plane so divides 
the crystal that either half is the mirrored reflection of the other, 
and every line perpendicular to the plane connects corresponding 
parts of the crystal and is bisected by the plane of symmetry. 

Thus in Fig. 16 the shaded plane so divides [he crystal FiG. 16. 

^hat a line from an angle b perpendicular lo the plane passes 
tbrough a corresponding angle a, or a perpendicular from c, 
(he center of an edge, passes through d, the center of a sim- 

True Structural Symmetry. 

The true structural symmetry of a crystal is 
known only when all the characters have been 
considered. Structurally equivalent directions 
not only imply similar groupings of bounding 
faces but physical identity in all respects and 
two directions are not structurally equivalent 
if in these directions there is revealed any essential diflerence in 
behavior with polarized light or etching or pyro-electricity or with 
any other test, the results of which depend upon the manner the 
crystal molecules are built t(^ether. 

Classes of Symmetry. 

Theoretically there have been distinguished thirty-two classes 
of symmetry, that is, thirty-two varieties of regular molecular ar- 
rangement. The crystals corresponding to these classes differ in 
the number and relative position of their axes and planes of -sym- 
metry, but all crystals of the same substance necessarily belong to 
the same class. 

By far the greater number of crystals of minerals belong to seven 
of the classes. 

Crystallographic Axes. 

The faces, or bounding planes, of crystals are most conveniently 
defined in position by the methods of Analytical Geometry. Three 
(in one system four) straight lines passing through the center of 
the crystal are chosen as crystailographic axes and any iace CDE, 
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Fig. 17, is defined in position by its axial intercepts, that is by the 
distances OA^ OB and OC along each axis from the center to the 
intersection with the plane ABC of Which the face CDE is a part. 
The crystallographic axes are chosen to yield the simplest rela- 
tions, and are therefore always lines closely related to the symme- 
try, that is : axes of symmetry, lines normal 
'^ '^* to planes of symmetry, or where these are 

not to be had, lines parallel to at least two 
faces of the crystal. 

Interchangeable Axes. 

If the grouping of the faces about one 
axis is just the same as the grouping of the 
faces about another axis so that when the 
axes exchange positions the appearance of 
the crystal is not altered, the axes are said 
to be '* interchangeable.'* 
It may be noted that if one crystallographic axis is also an axis 
of trigonal, tetragonal or hexagonal symmetry, the other crystal- 
lographic axes will be at right angles to it and interchangeable. 

The Six Systems of Crystallization. 

The thirty-two classes of symmetry may be united in the fol- 
lowing six systems by grouping together classes in which the 
crystallographic axes are similarly related : 

The Isometric System. — Three interchangeable axes at right 
angles to each other. 

The Tetragonal System. — Three axes at right angles, of 
which two are interchangeable. 

The Hexagonal System. — Four axes, three of which lie in one 
plane at sixty degrees to each other and are interchangeable, the 
fourth is at right angles to the other three. 

The Orthorhombic System. — Three axes at right angles but 
not interchangeable. 

The Monoclinic System. — Three non-interchangeable axes two 
of which are oblique to each other, the third is at right angles to the 
other two. 

The Triclinic System. — ^Three non-interchangeable axes at 
oblique angles to each other. 



^ . \ 
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Determination of System. 

There will be exactly the same grouping of planes at the oppo- 
site " ends " of an axis and at the ends of interchangeable axes, 
that is these "ends" will lie in similar geometric parts. 

The crystal axes, as stated, p. 6, will be preferably axes of sym- 
metry or normals to planes of symmetry or at least parallel to two 
crystal faces. 

By viewing the crystal in differeiit positions and noting the 
shape and recurrence of similar parts, it will be seen wWther the 
line of sight is a satisfactory direction for an axis. 

With natural crystals not of ideal shape, 
more practice is needed to recognize similar 
groupings of faces. A hand goniometer is of 
great assistance. , 



» Fig. i8. 




For instance, the appearance of the sulphur crystal, Fig. 
i8, viewed in the direction AA is shown in Fig. 19. Evi- 
dently the line of sight i^AA^ is an axis of symmetry for Fig. 

19 'revolved 180^ about A is unchanged in appearance. Moreover, the two lines 
through Af Fig. 19, are lines of symmetry, corresponding to planes of symmetry in Fig. 
18, and suggest two other crystal axes normal to these planes. 



Fig. 19. 



Fic;. 20. 



Fig. 21. 







When the crystal, Fig. 18, is viewed in the direction J^, Fig. 20, or of CC^ Fig. 
21, the axes suggested by Fig. 19 are confirmed. No other directi^bs yield lines of 
symmetry hence the crystal axes are AA^ BB and CC, Fig. 18, witch are not inter- 
changeable and the system is orthorhombic. 

In crystals of the higher grades of symmetry inspection may 
show more possible crystal axes than are needed. Preference 
must then be given : 

{a) To directions at right angles to each other. 

ip) To interchangeable directions. 

If only one direction is found normal to a plane of symmetry or 
itself an axis of symmetry this direction must be taken as one of 
the axes and the other two must be chosen each normal to the first 
and parallel to at least two faces. 
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If no lines of symmetry are found the axes chosen should each 
be parallel to at least two faces. 

Crystal Forms. 

A crystal may be one crystal form or a combination of two or 
more forms. All faces of a crystal form must cut the crystal axes at 
the same relative distances from the center and there must be just 
enough faces to satisfy the symmetry of the crystal. If only two 
faces are required then these two constitute a "form." 

Ideal Crystal Forms in Drawings and Models. 

It is convenient, in elementary work, to make use of models 
and drawings of crystal forms in which all corresponding faces arc 
equal in size and at equal distances from the center. Such a form 
may be said to be derived from the form in which a natural crystal 
occurs by moving each face parallel to itself until all corresponding 
feces are at an equal distance from the center. Thus in Fig. 7 the 
little inner octahedron is the ideal form of the outer actual form, 
and Fig. i \s the ideal form of Fig. 4. 

Law of Simple Mathematical Ratio. 

Experience proves that a very exact law limits the number of 
different crystal forms which ever occur upon crystals of the 
same substance. This relation, which is variously known as : 
" The Fundamental Law of Crystallography,*' " The Law of 
Simple Mathematical Ratio " and *' The Law of Rational Indices/* 
may be expressed as follows : 

In all crystals of the same chemical substance ^ if the intercepts of 
ANY face upon the crystallographic axes are divided,^ term by term^ by 
the corresponding intercepts of any other /<2^^, the quotients will al- 
ways be simple rational numbers or infinity or zero. 

For example, if in a crystal of a given substance the axial in- 
tercepts are determined for one face to be relatively 0.813 : I : '-poj 
then another face could occur in such a position that its in- 
tercepts in the same order would be relatively 1.626:1:5.709 

1.626 , 5709 , , . , . 

because s — = 2 and =* 3, but a plane with intercepts rel- 

0.813 1.903 o^ f f * 

atively 1.734: i : 6.275 could not occur upon this crystal or upon 

I '7 XA. 

any otlter crystal of this substance because -^ — = 2.1328 -f- and 

0.0 1 3 

* The intercepts are always reduced so that the corresponding term in each is unitj. 
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6.275 

— = 3.2973 + that is, the quotients obtained by dividing cor- 

responding terms are not simple numbers or infinity. 

Crystal Habit. 

All crystals of the same substance must be bounded by faces 
belonging to one series of crystal forms connected by the funda- 
mental law. In theory any one form or all may occur bound- 
ing the same crystal ; or each crystal may show a different com- 
bination. 

In actual experience, however, the crystals of a substance if 
found at the same locality or formed in the same experiments show 
a well defined " habit," that is the same forms occur on all or 
nearly all of the crystals, and usually the same one or two forms 
so predominate as to constitute the greater portion of each crys- 
tal and the other occurring forms are present as relatively incon- 
spicuous faces or sometimes entirely absent. 

At another locality or from a change in laboratory conditions 
the crystals of this substance may show very different predomi- 
nating faces though necessarily faces of the same series. 

The Weiss Symbols and Parameters. 

To represent a crystal form a symbol must be equally satisfac- 
tory for all faces of the form, and be quite independent of the ab- 
solute position of these faces so that it 
may be applicable to crystals of all '^'" ^^* 

sizes and to the most unequally devel- ^^^^\ 

oped forms. By^ / i .-'*\v . 

If the intercepts are stated as a ratio d$^^^^^^^^^^^^^^ y^ 

then evidently these conditions are ful- V^l^^^^^ y^ 

filled. For the ratio OA:OB:OC, \ T ^^ 

Fig. 22, not only represents the face >^^^^ 

ABC and (disregarding direction of 

intercepts) the other faces A^B' C , etc., of the ideal form, but it 
represents equally well a parallel plane DEF in which OD : OE : 
OF^ OAiOB: OC 

But a satisfactory symbol should also show the simple relation 
between the forms of the series. To accomplish this Professor 
Weiss denoted the axial intercepts of some selected and usually 
prominent form in each series by a, b and c corresponding respec- 
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Uvely to intercepts upon the axes AA, BB and CCoi Fig. 22 and 
wrote as the symbol of this selected unit face a:b:c. 

The symbol of any other face in the series was written in temts 
of a, b, and c and was necessarily such a symbol as zaib:c\ 
a : $b: y^c or a : « b-.^c the coefficients or 
parameters being, because of the simple 
,f\ mathematical ratio, always simple numbers, 

]\ \ simple fractions, or infinity. 

(i \ To illustrate : Let BCMN and DMN, 

;jz \ Fig. 23, be two faces of a crystal. Pro- 

long BCMN to the axes, then are OA, OB 
and OC its axial intercepts and if this plane 
is chosen as the unit plane then a'.bic^ 
. OA:OB:OC. 

Prolong DMN to the axes, then are 

CD, OF and OE the intercepts of DMN. 

Through one of the points D, E or F, for instance F, construct a 

plane PHI, parallel to the unit face, then also OH: OF:OL = 

a:b:c. 

If these faces obey the fundamental law, since one intercept of 
DMN and FHL is the same, the quotient of the others, that is, 

OD ^ OE 

OH ^"** OL 

will be simple finite numbers or infinity. 

In the construction OD = ^OH and OE = 2OL, hence if the 
symbol of BCNM is taken as a:b:c, that of DMN in comparison 
is \a\b:zc or it could be written a : ^b -.^c ot \a -.^b : c. 

When a face is parallel to an axis it is said to intersect it at an 
infinite distance and the sign 00 is used to express infinit}'. 

The Dana Symbols consist of the vertical parameter, a dash, and 
the other parameter. For instance 

S2 : ^ : ^i becomes |- — 5 a: tut: ma becomes m—n. 

The Miller Indices may be obtained from Weiss's parameters by 
first dividing each by the common multiple of their numerators 
and taking the reciprocal of the result. That is 511:^:^^ be- 
comes a:\b: ^c and the Miller's symbol is 1 53. 

When the symbol is enclosed in brackets c. g. il53(, it is 
understood to typify the form, but when in parentheses it signifies 
the individual face (153). 
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Determination of Ideal Forms or Models by Inspection. 

After the axes have been chosen, as described p. 6, and placed 
in the conventional positions stated under each system, the de- 
termination of form and symbol may be conducted as follows : 

Place a straight edge (or pencil) in contact with a face and turn the 
straight edge always as a line in the face until its relation to each 
axis has been noted. The absolute values of the axial intercepts 
(from the center of crystal to where the straight edge intersects 
the axes) are not needed in determining the type of form ; all that 
is essential is to distinguish the greater intercept from the lesser or 
at ihost a very rough approximation to their relative lengths. 

If it is not evident that all the faces of the figure hold the same 
relation to the axes, any supposedly different face is tried in pre- 
cisely the same way with the straight edge and with respect to the 
sante axes. In ideal crystals and models faces of the same form 
are equal in size and of the same shape. 
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ISOMETRIC SYSTEM. 

The Isometric* system includes all crystal forms which can be 
referred to three interchangeable axes at right angles to each other. 

In models and drawings representing ideal forms these axes are 
equal in length, but in actual crystals they are merely directions 
about which there are equal numbers of faces grouped with cor- 
responding faces at the same angles. The faces are not usually 
equal in size. 

The crystal or model is turned until one axis is vertical, one 
extends from left to right, and one from back to front. 

In stating the relative distances, from the center, at which any 
face cuts the three axes, the shortest distance is called a and the 
other distances, since the axes are interchangeable, are simple 
(or infinite) multiples of a. 

According to the number and arrangement of the planes and 
axes of symmetry, isometric crystals have been divided into five 
classes. A given substance can only occur in forms of one class. 
Three of the classes include nearly all known isometric minerals. 

In describing the forms of a class the most general form •' the 
faces of which intersect the three axes at any distances permitted 
by the fundamental law** is first described and then the six limit 
forms corresponding to special positions of the faces of the general 
form. 

HEXOCTAHEDRAL CLASS, yi. 

No. I. Holohedral, LUbisch. No. I. Normal Group, Dana, 

Symmetry of the Class. 

The planes of symmetry are represented in Fig. 24 and the axes 
of symmetry in Fig. 25. The small black squares and triangles 
indicate axes of tetragonal and trigonal symmetry respectively. 
The tetragonal axes are chosen as the crystal axes. 

* Also called Tesseral, Tessular, Regular, Cubic and Monometric. 
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84. Fig. aS- 





The General Form or Hexoctahedron. 

Weiss, a:na:ma; Dana, m — n; Miller, } hkl\ . 

Composed of forty-eight faces each cutting the three axes in 
three different, but simply proportionate distances. In the ideal 
forms the faces are scalene triangles. 



Fic. 26. 







Fig, 26 shows the form a:\a: ^a for which the diedral angles 
A, B, C Fig. 27, are 

.^ =. 158° 13'; B — 149°, C= 158° 13'; 

Fig. 27 shows a:2a:^a for which 

A!= 162° 15'; B = 154° 47', C= 144° 3'. 

That tfae STOuncCr; of the group requires forty-eigbt such faces to satisfy it may 
readilf be proved by Fig. 18 which is simply an eighth (or octant) of Fig. 84 enlarged, 
Obaag tbe center, OA, OB and OCtiu: crystal axes and OX an axis of trigonal sym. 
tattij. If any face I, witb intercepts on OA, OB, OC respectively. I t j : ^ occurs, it 
must be accompaDied by faces 2 and 3 because OX is an axis of trigonal symmetry, and 
tbe three white planes of symmetry make necessaiy planes 4, 5 and 6. Finally the 
entire octant must be reflecled in each of the other octants by the shaded planes of 



The L.imit Forms. 

The general form for special positions of the faces passes into 
limit forms. Six suppositions may be made each of which corre- 
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sponds to a limit-form. Denoting infinity by oo in Weiss symbols 
and by i in Dana we have : 





Weiss. 




Dana. 


Miller. 


Each face parallel to two axes. 










I. Cube. 


a : 000 : 00a 


J 


• • 

1 — t 


^ioo|. 


Each face parallel to one axis. 








2. Dodecahedron. 


a laion a 




J 


-!iio|. 


3. Tetrahexahedron. 


a ifta : 000 




i — n 


\hko\ 


Each face intersects all axes. 










4. Octahedron. 


a:a:a 




I. 


^m^ 


5. Trigonal Trisoctahedron. 


a :a : ma 




m 


\hhl . 


*^< 6. Tetragonal TRI^ octahedron. 


a : ma : ma 




m — m 


\hkk ' 



The Six Limit Forms in Detail. 

I. The Cube. — a\ oo a : ooa; i—i; }ioo{. 

Composed of six faces, Fig. 29, each parallel to two axes, all 
diedral and plane angles being right angles. The commonest of 
all crystal forms. In the ideal forms the faces are squares. 

Fig. 29. Fig. 30. 




A-- 

I 



,' • 




2. The Dodecahedron. — a: a: ooa; i\ {no}. 
Composed of twelve faces, Fig. 30, each parallel to one axis and 

cutting the others at equal distances. In the ideal form each 
face is a rhombus. 

Angles between adjacent faces 120°, between alternate faces 90°. 
The plane angles between edges are equal to the interfacial angles 
of the octahedron, /. ^., 109° 28' 16" and 70° 31' 44". 

3. Tetrahexahedron. — a \na\oo a\ i — ?i\ \hko\. 
Composed of twenty-four faces. Fig. 3 1 , each parallel to one axis 

Fig. 31. Fig. 32. 
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and cutting the other two unequally in distances bearing a simple 
ratio to each other. In the ideal forms the faces are equal isos- 
celes triangles. 

Fig. 3 1 shows ^ : 2^ : 00 ^ for which ^ = C= 143° 8' ; Fig. 32 
shows ^ : 3a: 00 a for which A = 1 54° 9', C= 126° 52'. 

4. The Octahedron. — a \a\a\ i ; { 1 1 1 } 

Composed of eight faces, Fig. 33, each cutting the three axes at 
equal distances. In the ideal form the faces are equilateral tri- 
angles. 

The angles are 109° 28' 16" between adjacent faces and 70° 
31' 44" between alternate faces. 

The alternate edges are at right angles and the adjacent edges 
at 60°. 



Fig. 33. 



Fig. 34. 





5. Trigonal Trisoctahedron. — a\a\ma\ ;;/; \hlil\. 
Composed of twenty-four faces, Fig. 34, each cutting two axes 

at equal distances, the third axes at some longer distance a simple 
multiple of the others. In the ideal forms the faces are isosceles 
triangles. 

For w = 2, -4 = 152° 44', B^ 141° i\\' For m = 3, 4 = 
142^8', ^=153° 28J'. 

6. Tetragonal Trisoctahedron. — a : ma : ma ; m — m\ \hkk\. 
Composed of twenty-four faces, each cutting two axes equally 

and the third in some shorter distance bearing a simple ratio to 
the others. In the ideal form the faces are trapeziums. 

Fig. 35. Fig. 36. 





i6 
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Fig. 35 shows a :2a: 2a for which A = 146° 27'; B ^ 131*^ 
59'. Fig. 36 shows a:ia: 3a for which A = 1 29® 31'; 5 » 144^ 

44'. 

Combinations in the Hexoctahedral Class. 

The most frequently occurring forms are the cube a, the 
octahedron /, the dodecahedron d, and the tetragonal trisoctahe- 
dron n=^ a: ia: 2a, The other forms usually occur modifying 
these. 

Fig. 37. Fig. 38. Fig. 39. 





r 




a' 


■A:^ ^ 



The cube a and dodecahedron d. Figs. 37, 38 are combined in 
crystals of fluorite, argentite and cuprite. The cube and octahe- 



Fig. 40. 



Fig. 41. 



Fig. 42. 






dron p, Figs. 39, 40 and 41, are very frequently combined in fluo- 
rite, pyrite, galenite, silver, sylvite and many other minerals. The 



Fig. 43. 



Fig. 44. 



Fig. 45. 






octahedron,/, and dodecahedron, d, Figs. 42 and 43, are frequently 
found in spinel, magnetite, franklinite and cuprite, while the three 
together, cube, dodecahedron, and octahedron, Fig. 44, occur ia 
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smaltite, galenite and fluorite. The tetrahexahedron e, (a: 2a: ecu) 
is found with the cube in fluorite. Fig. 45. The tetragonal 




trisoctahedron n, {a : 20 : 2rt) is common in analcite, garnet and 
amalgam, either combined with the dodecahedron. Figs. 46 and 
48, or with the cube. Fig. 47. 

Fio. 49. Feu. 50. Fji:. JI. 




Another tetragonal trisoctahedron o, (a : ^a : ^a) occurs in 
spinel and magnetite either with the octahedron, Fig. 49, or with 
both octahedron and dodecahedron, Figs. 50 and 51. 




The trigonal trisoctahedron r, (a:a : 20) occasionally occurs, 
cspedMy in galenite and magnetite, combined with octahedron 
and dodecahedron, Fig. 52.' The hexoctahedron f, {a 12(1:40) 
occurs modifying cubes of fiuorite^ Fig. 53, and another hexocta- 
hedron s, {a:^a: jfl) occurs in garnet. Fig. 54. 
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HEXTBTRAHEDRAL CLASS. 3t. 

No. a. Tetrahednl Hemihedrr, Liibach. No. 3. Tetrahednd Group, Dama. 

In this class of isometric forms, to which crystals of the dia- 
mond, tetrahedrite, sphalerite and boracite belong, the shaded 
planes of Fig. 24 are no longer planes of symmetry, and the sym- 
metry is restricted to the diagonal planes shown in Fig. 55 and to 
the axes formed by their intersection. 
The General Form or Hextetrahedron, 

Weiss, a:na: ma ; Dana, m — n ; Miller ^ kkl \ . 

Composed of twenty-four faces each cutting the three axes in 
three different, but simply proportionate, distances. In the ideal 
forms the faces are scalene triangles. 
Fjg. 55. 



Fic. 56. 



Fig. S7- 




■r precisely similar to ihaC rollowed on p, 13 U may be shown that if one 
face of ihe genEral form occurs twenty-four must, and according to the position of lh« 
first race the fotm will be that shown in Fig, 56, usually called (he positive form, or 
that shown in Fig. 57, called Ihe negative form. The positions of the crystal lographic 
axes are indicated. 

The Limit Forms. 

Three of the six limit forms are geometrically identical with the 
forms of the preceding class, namely, 

1. The Cube, Fig. 29. 

2. The Dodecahedron. Fig. 30. 

3. The Tetrahexahedron. Figs. 31 and 32. 
The geometrically new forms are : 

4. The Tetrahedron. — a: a: a; i; Smj. 

Composed of four faces, Fig. 58, each cutting the three axes 
at equal distances. In the ideal form the faces are equilateral 
triangles. 

All interfacial angles are 70° 31' 44" and all plane angles be- 
tween edges are 60°. 
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5. Tetr ^ ONAL Tristetrahedron. — a : a : ma ; m ; \hhl\. 
Composed of twelve faces, Fig. 59, each cutting two axes equally 

and the third in some longer distance a simple multiple of the 
others. In the ideal form the faces are trapeziums. 

Fig. 58. Fig. 59. Fig. 60. 






6. Trigonal Tristetrahedron. — a\ma\ma\ ni^m\ \hkk\. 

Composed of twelve faces, Fig. 60, each cutting two axes equally 
and the third in some shorter distance bearing a simple ratio to 
the others. In the ideal form the faces are isosceles triangles. 

Combinations in the Hextetrahedral Class. 

The characteristics of the crystals of this group are best shown 



Fig. 61. 



Fig. 62. 



Fig. 63. 






in the combination forms, since the simple forms are comparatively 
rare and the predominating form is frequently the cube. 



Fig. 64. 



Fig. 65. 



Fig. 66. 






The simple tetrahedron /, Fig. 6 1 , and the combination of the 
positive and negative tetrahedrons, Fig.62, occur as crystals of sphal- 
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erite and tetrahedrite. llie combination of the tetrahedron and 
cube a. Fig. 63 and 64, is common in boracite and pharmacosiderite. 
The tetrahedron with the dodecahedron d. Fig. 65, occurs in 
tetrahedrite, and with both cube and dodecahedron. Fig. 66, in 
boracite. 



Fig. 67. 




Figs. 67, 68, 69 and 70 are all crystals of tetrahedrite. Fig. 67 
is the tetrahedron with the trigonal tris tetrahedron u, (a: 2a: 2a). 
In Fig. 68 the negative form of « occurs and in Fig. 6g the 
dodecahedron 1^ is an additional form. 



Fio. 70. 



Fio. 71. 



Fic. 7a. 




Fig. 70 is more complex and includes the dodecahedron d, the 
tetragonal tristetrahedron r, (a : « : 2a) and the trigonal tristetra- 
hedrons c, (a-.'^a-.^a) and «, (a :2a ■.2a). Fig 71 represents a 
crystal of boracite with the cube, dodecahedron, both tetrahedrons 
and the trigonal tristetrahedron «, while Fig. 72 shows the 
hextetrahedron s, {a:^a: ^a) combined with the cube and tetra- 
hexahedron g, (a -.^a: con). 



CLASS OP THE DIPLOID. 30. 

No. 4. Fentagonsl Hemiliedry, Lieihih. No. 2. I'yrilohedral Group, Dana. 
Crystals of the common mineral pyrite and of the minerals 
cobaltite and smaltite have the symmetry shown in Fig. 73. 
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The General Form or Diploid. 

Weiss, a:naima; Dana, tn-n ; Miller, \ hkl j- . 
Composed of twenty-four faces each cutting the three axes in 
three different, but simply proportionate, distances. In the ideal 
form the faces are trapeziums. Fig. 74 shows the plus form. 
Fig. 75 the corresponding minus form. 



Fig. 73. 



Fig. 74. 



Fic. 75- 




Fic. 76. 



. That it requires Iwenty'ronr lues lo satisfy the symmeti? of th« cUsa Duy be seen 
from Fig. 73. For an}' face I, must, because of (he (rigonHl axis OX, be accompanied 
bjr the faces 2 and 3, and because of Ihe shaded planes of sjmmietry a similar three 
must occur in e&cb octant. 

The Limit Forms. 

Five of the six limit forms are geometrically identical with 
forms already described namely : 

1. The Cube, Fig. 29. 

2. The Dodecahedron, Fig. 30. 

4. The Octahedron, Fig. 33. 

5. Trigonal Trisoctahedron, Fig. 34, 

6. Tetragonal Trisoctahedron, Fig. 35. 
The new form is : 

3. Pyritohedron. — fl ; «rt : CO 17 ; i — ft; 
ihiol 

Composed of twelve faces, Fig. 76, each parallel to que axis 
and cutting the other two unequally in distances bearing a simple 
ratio to each other. In the ideal forms the faces are pentagons. 

Combinations in the Class of the Diploid. 

These combinations greatly resemble those of the hexoctahedral 
class because five of the seven forms occur in both, and the other 
two are parallel faced. 
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Fig. 78l 



Fkl 79. 



rr,,::^, 






Fig. J J shows the p>-Titohedron e^ {a : 2a : oca) with the cube a. 
Figs. 78 and 79 show the same form with the octahedron /. 



Fic 80L 



y ^ A ^ 



Fig- 81. 



Fig. 82. 










Fig. 80 shows the three forms combined. Fig. 81 shows the 
same pyritohedron e and octahedron / combined with the diploid 
/, (a:^a : ^a) and Fig. 82 shows this diploid with the cube and oc- 
tahedron. 



Two classes of lower symmetiy exist but need not be described 
here as no common minerals are known to occur in one and the 
minerals referred to the other are so referred rather by virtue of 
etching tests than from the shape of the common crystals. 



CHAPTER III. 

t 

TETRAGONAL SYSTEM. 

In all Tetragonal* forms the crystallographic axes can be chosen 
at right angles to each other, so that two will be interchange- 
able. 

In models and drawings representing ideal forms the inter- 
changeable axes are equal in length and the third axes is longer or 
shorter but never a simple multiple of the lengths of the inter- 
changeable axes. In real crystals the interchangeable axes are 
directions surrounded by exactly the same number of faces and 
with corresponding faces at the same angles. The grouping of 
faces about the third axis is not the same as to angles and not 
necessarily the same as to number of faces. 

Conventionally the crystal is placed so that the two inter- 
changeable axes are horizontal and the third axis vertical. The 
former are known as the basal or a axes, the latter as the vertical 
or c axis. 

Groups or Classes of Forms. 

According to the number and arrangement of the planes and 
axes of symmetry, tetragonal crystal forms have been divided into 
seven classes. Of these two are unknown among crystals of min- 
erals and two are represented by one mineral each. The remain- 
ing classes are described following the same general method as in 
the isometric. 

Series. 

Just as in the isometric system a substance can only occur in 
forms of one class and in forms of one series in that class. This 
has been explained generally upon page 8, but warrants here a 
more detailed explanation. 

In the isometric system all three axes were interchangeable, that 
is, all were surrounded by the same number of faces at the same 



* Also called Pyramidal, Viergliedrige, Zwei-und-einaxige, Monodimetric, Quadratic 
and Dimetric. 
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angles, and these angles were always such that the three intercepts 
of any face were simple multiples of each other, such as ^7 : 2^ : ^a. 

In the tetragonal system, however, while the intercepts of any 
face upon the two interchangeable axes are simple multiples of 
each other, the intercept of this face with the third axis will not be 
a simple multiple of either of the other intercepts and furthermore 
this complex relation will be different /<?r every form upon eadi. dif- 
ferent substance. 

Experience, however, has shown that a perfectly exact relation 
exists between the different conlplex values for the third inter- 
cept obtained from different faces of the same substance such that 
this intercept for any one face is always a simple multiple or simple 
fractional part of the corresponding intercept for any' other face. 

Advantage is taken of this to secure simple instead of complex 
symbols as follows : Some prominent face which must intersect 
the vertical and at least one of the basal axes is chosen as the unit 
face, and its symbol is said to be ^ : na : c in which a is the shorter 
horizontal intercept, c is the vertical intercept and ;/ is necessarily 
a simple number or infinite. This ratio is always reduced until a 
is unity, that is, may be of such a form as a : ;/a : r = 1:2: 1.073. 

If now the intercepts of any other face of a crystal of the same 
substance are obtained and reduced so that the shorter horizontal 
intercept is unity, the face may be expressed by the symbol 
a : nfa : mc in which both m and n' are simple numbers or infinite. 

For example, by calculation the relative intercepts of the com- 
mon forms of zircori, see Figs. 91 to 94, p. 27, are / = i : I : 0.64 
which may be denoted hy a\a\c, then in comparison the face w 
with intercepts i : i : ex is a : a :oqc \ the face a with intercepts 
I : 00 : cx) is a: ooa: 00c ; the face u with intercepts i : i : 1.92 is 
a. a: y and the face x with intercepts 1:3: 1.92 is ^ : 3^ : 3^, 

CLASS OF THE DITETRAGONAL PYRAMID. 15. 

No. 18. Holohedry, Liebisch. No. 6. Normal, Dana, 

Symmetry of the Class. 

As shown in Fig. 83 forms in this class are symmetrical to one 
horizontal plane and to four vertical planes at forty-five degrees 
to each other. The intersections of these planes with each other are 
axes of symmetry and of these CC is an axis of tetragonal sym- 
metry. CC and either pair of alternate horizontal axes may be 
chosen as crystal axes. 
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The General Form or Ditetragonal Pyramid. 



Weiss, a ma: 



Dana, w/ - 



Miller, { hkl ) . 



Composed of sixteen faces. Fig, 84, each cutting the two basal 
axes at unequal but simply proportionate distances, and the ver- 
tical axis at a distance nol simply proportionate to the other dis- 
tances. In the ideal forms the faces are scalene triangles. 



Fic. 83. 



Fig. 84. 





The values of m and « may be determined from any two diedral 
.ngles. For .^and Ythe equations are : 



cosjjr 



« cot i .1^= sin a, tan a = uic. 



Thai sixteen such faces are needed to utisfy Ihe symmetry is seen in Fig. 83. If 
the face I occurs, the planes of symmetry make necessary the occuirence of faces z, 3, 
and 4, and each of these must have on each side and below a correspondii^ plane and 
to on ; or sixteen faces in all. 

Limit Forms. 

The general form, for special positions of the faces, passes into 
limit forms. Assuming the conventional position of the axes with 
the axis c vertical these limit positions are : 

Weiss. Dana. 



Each face horizontal. 

1. Basal Pin AcoiD. 
E«ch tiice Tcrtical. 

2. Fkisx ofSbcond Order. 

3. FatsM OF First Ordkr. 

4. DiTETKACONAL Prism. 
Each bee inclined. 

5. PvKAHiD OF Second Order. 
ft. Pvkamid of First Order. 



^ooI^ 
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The Limit Forms in Detail. 

1. Basal Pinacoid. — oo a\^a\c\ o, {ooi j. 

Composed of two faces, Fig. 85, each parallel to both the basal 
axes. 

2. Prism of Second Order. — a :qo a:oc c\ i —i] { 100 j. 
Composed of four faces, Fig. 86, each parallel to the vertical 

axis and to one basal axis. . The interfacial angles are 90°. 



Fig. 85. 



Fig. 86. 



Fig. 87. 





I 

I 



..^. 




■ff 





3. Prism OF THE First Order. — a:a:Qoc\ /; {no}. 
Composed of four faces. Fig. 87, each parallel to the vertical axis 

and cutting the basal axes at equal distances from the centre. The 
interfacial angles are 90°. 

4. DiTETRAGONAL Prism. — a '.fia : oo c \ z — n ; [kko\. 
Composed of eight faces, Fig. 88, each parallel to the vertical 

axis and cutting the two basal axes in distances unequal but sim- 
ply proportionate. 



Fig. ^. 



Fig. 89. 



Fig. 90. 




I 
I 

I 
I 

I 

1 
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I 





The value of n may be determined. Fig. 88, by the equations 



n = tan \ X, or n ^ tan (i 35° — 1 K) 
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5. Pyramid of Second Order. — aionaifnc] m^i; {Ac/}. 
Composed of eight faces, Fig. 89, each parallel to one basal 

axis, and cutting the other basal axis and the vertical axis at 
either unit distances or simple multiples of these. In ideal forms 
the faces are isosceles triangles. 

The value of fnc may be determined by the following equations^ 
Fig. 89 : 

cos^Kx 1.4142 = sin a, tan^Z=tana, ;;/^ = tana. 

6. Pyramid of First Order. — a\a\inc\ ni\ \/M\. 
Composed of eight faces, Fig. 90, each cutting the basal axes 

at equal distances, and the vertical axis at some distance not a 
simple multiple of the basal intercepts. In the ideal forms the faces 
will be isosceles triangles. 

The value of mc may be determined, Fig. 90, by the following 
equations : 

ntc = tan ^ Z x .707 1, or sin a = cot ^ JSf, mc = tan ez. 

Series and Combinations in the Class of Ditetragonal 
Pyramid. 

It is only by considering the forms in series, that is the forms 
of each substance separately, that a clear idea is obtained as to 
the pyramidal forms. The prismatic forms and the basal pinacoid 
are alike for all substances crystallizing in the class, but the pyra- 
mids vary in shape and angle with the relative lengths of mc and 
a. Though as explained, p. 24, the pyramids which occur upon 
crystals of any one substance are definitely related in axial inter- 
cepts and usually very limited in number. 

The common forms of certain minerals in this class have there- 
fore been assembled here. 



Fig. 91. 



Fig. 92. 



Fig. 93. 



->:: 




I P 



^ 
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4-. 






Fig. 94. 





28 



CR YSTALLOGRAPHY, 



Zircon. — Axes a\c^a^ \\ 0.640. 

Fig. 91 shows the common association of unit pyramid / and 
unit prism m. In Fig. 92 these two forms are combined with the 
prism of the second order a and in Fig. 93 with the pyramid u =« 

s 

{a:a: 3^). Fig. 94 shows the union of second order prism, unit 
pyramid and ditetragonal pyramid x=^{a: ^a: y). 



Fig. 95. 



Fig. 96. 



Fig. 97. 




■'.*r. 







Vesuvianite. — Axes a\c=^ i : 0.537. 

The unit pyramid in vesuvianite is a little flatter than in zircon 
but not much, hence in the drawings there is little apparent differ- 
ence between the pyramid angles in Fig. 91 and Fig. 97. The 
relative development of faces, or crystal habit, is, however, mark- 
edly different, as is at once apparent on comparing the two series of 
common crystals. 

Fig. 95 shows the combination of unit pyramid p, unit prism tn 
and basal pinacoid c. Fig. 96 shows these three forms combined 
with the prism of the second order a and Fig. 97 shows the two 
prisms and the unit pyramid. 



Fig. 98. 



Fig. 100. 



Fig. xox. 




a- I 



v_ 







Fig. 99. 
Apophyllite, — Axes rt:r= i : 1.252. 
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As indicated by the ratios o{ a to c the unit pyramid of this 
mineral is much more acute than in zircon and vesuvianite, this is 
clearly apparent in Fig. 10 1. The figures also illustrate very well 
the possiUIity of great differences in habit without any difference 
in occurring forms, thus Figs. 98, 99 and 100 are all combinations 
the unit pyramid/, basal pinacoid c and second order prism a. In 
Fig. 10 1 the basal pinacoid does not occur. 

Fig. 103. 



Fig. 102. 





Cassiterite, — Axes a\ c ^ \ \ 0.6723. 

In this the ratio of ^ to r is closely as in zircon but the common 
association is now the unit pyramid / with the second order pyra- 
mid d as shown in Fig. 102. 

In *Fig. 103 these forms occur with a ditetragonal pyramid z ■■ 
{a\\a\ 3^:) and the unit prism m. 



CLASS OF THE THIRD ORDER PYRAMID. 13. 

No. 21 — Pyramidal Hemihedry, Liebisch. No. 8 — Pyramidal Group, Dana. 

Certain crystals of the minerals scheelite and werneritc arc .•jym- 

metrical to one horizontal plane and one vertical tetragonal axis 

only. 

Fig. 104. Fig. 105. Fk;. 106. 
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The General Form or Third Order Pyramid. — ^Weiss, 
a: naimc; Dana, m — n; Miller, \Ak/\. 

Composed of eight faces, Fig. 105, each cutting the two basal 
axes at unequal but simply proportionate distances, and the ver- 
tical axis at a distance not simply proportionate to the other dis- 
tances. In the ideal forms the faces are isosceles triangles. 

That eight such faces satisfy the symmetry is shown by Fig. 104. Any occiuring 
face must, because of the vertical axis of tetragonal symmetry, occur with three other 
faces above the horizontal axes, and because of the horizontal plane of symmetry each 
of these must be accompanied by .a face below the plane. 

The Limit Forms. 

Five of the limit forms are geometrically like forms already 
described, namely : 

1. Basal Pinacoid. Fig. 85. 

2. Prism of Second Order. Fig. 86. 

3. Prism of First Order. Fig. 87. 

5. Pyramid of Second Order. Fig. 89. 

6. P\'RAMID OF THE FiRST OrDER. Fig. 9O. 

The geometrically new form is : 

4. Prism of Third Order. — a:na:ooc; t — fi; \/iko]. 
Composed of four faces, Fig. io6, each parallel to the vertical 

axis and cutting the two basal axes in distances unequal but simply 
proportionate. 

Series and Combinations in the Class of Third Order Pyramid. 

In this class the simple forms are all of apparently higher sym- 
metry than the class, but in their combinations the true symmetry 
is sometimes to be recognized. 

Fig. 107. Fig. 108. Fig. 109. 






Scheelite. — Axes a:c ^ i : 1.535. 

Thus Fig. 107 is only the unit pyramid / and F^. 109 is the 
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unit pyramid with the pyramid of second order d and the basal 
pinacoid, but in Fig. io8 the planes x = (a: ^a : 3c), of the pyramid 
of third order settle the symmetry definitely, 

SCALBNOHEDRAL CLASS. 11. 
No, 33. SpheacudBl Hemihediy, Lieiiseh. No. 10. Sphenoidal Group, Dana. 
This class bears about the same relation to the preceding class 
that the hextetrahedral class, p. 18. does to the hexoctahedral, 
p. 12. The principal mineral of the group is chalcopyrite. The 
planes and axes of symmetry are shown in Fig. 1 10. The axes 
of symmetry are chosen as the crystal axes. 

Flu. 110. Fig. 111. Fig. hi. 




The General Form or Scalenohedron. 

Weiss, a:na:mc\ Dana, m — n\ Miller, \ hkl \ . 

Composed of eight faces, each cutting the two basal axes at un- 
-cqual but simply proportionate distances and the vertical axis at a 
distance not simply proportionate to the others. In the ideal form 
the faces are scalene triangles. 

That eight such faces ue necesSBr; to satisfy the sfmaMxy of the class may be seen 
io Fig. Ito. If a face l, of the general symbol a\na\ tiu occurs the face z must 
-occur on the other side of the plane of symmelry and the face 3 roust occur because OA 
il ao aiis of binary syinroetry. Continuing in this way eight faces result which may 
be ai Id Fig. lll, the positive fonn. or Fig. Ilz, the negative foim, according lo the 
portion of the firat face. 

The Six Limit Forms. 

Five of the forms are geometrically identical with the forms of 
the preceding class, namely. 

1, Basal Pinacoid. Fig. 85. 

2, Prism of Second Order. Fig. 86. 
J. Prism of First Order. Fig. 87. 
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Fig. 113. 



4. DiTETRAGONAL PrISM. Fig. 88. 

5. PvRAMiD OF Second Order. Fig. 89. 
The geometrically new shape is : 

6. Tetragonal Sphenoid. — a:a:mc; m; \hhl\. 

Composed of four faces, Fig. 113, each 

cutting the basal axes at equal distances^ 
and the vertical axis at some distances not a 
simple multiple of the basal intercepts. In 
the ideal form the faces will be isosceles 
triangles. 

Series and Combinations in the Scale- 
nohedral Class. 

Chalcopyrite. — Axes ^1^=1: 0985. 

Fig. 1 14 shows the positive and negative 
unit sphenoid p and / with the second order pyramid ^ = (^ : 00- 
a : 2c\ Fig. 1 1 5 shows a sphenoid o=^{a:a: ^c) with a scaleno- 




Fig. 114. 



Fig. 115. 



Fig. 116. 






hedron s ^ {a: la: c). Fig. 116 shows a sphenoid z/ = (« : ^ : 4^)^ 

with the positive and negative forms of a much flatter sphenoid /= 
{a:a: ^c). 



As stated, p. 23, four other classes of symmetry are recognized 
among tetragonal crystals, phosgenite is supposed to belong ta 
one and wulfenite to another while the other two have no repre- 
sentatives among the common minerals. 



CHAPTER IV. 

HEXAGONAL SYSTEM. "^^ 

Hexagonal crystals in all characters except shape so closely re- 
semble tetragonal crystals as to be grouped with them. In shape 
there are also points of great similarity. 

It has been found most convenientf to refer all hexagonal forms 
to four crystallographic axes, one vertical and at right angles to 
the others, three horizontal and interchangeable and at sixty de- 
grees to each other. 

Conventionally the vertical axis is the c axis and the interchange- 
able axes are the basal or a axes, and the crystal is always held so 
that the c axis is vertical and one of the a axes extends from right 
to left. 

Classes of Forms. 

.According to the number and arrangement of the planes and 
axes of symmetry hexagonal crystal forms have been divided into 
twelve classes of which four are not known to be represented 
among the crystals of minerals and two are each represented by a 
single species. 

All that was said, p. 23, as to series may be repeated here with- 
out essential alteration. 

CLASS OP THE DIHBXAGONAL PYRAMID. 27. 

No. 6. Holohedral, Liebisch. No, 13. Normal Ciroup, Dana. 

Symmetry of the Class. 

Very few minerals crystallize in forms of this highest class of 
hexagonal symmetry. Beryl furnishes the best example. As 
shown in Fig. 117 the forms are symmetrical to one horizontal 
plane and to six vertical planes at thirty degrees to each other as 
well as to the lines of intersection of these planes. 

* Also called Rhombohedral, Sechsgliedrige, Dreiund-Einaxige and Monotrimetric. 

f A portion of the hexagonal system the ** rhombohedral division" is referred by 
Miller to three oblique axes and this method is followed by Groth. Eren when four 
axes are used the value of the third horizontal intercept can always be calculated from 
the other two. 
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Fig. ij;. Fig. iiS. 
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The General Form or Dihexagonal Pyramid. 

Weiss, Kfl : a:a:tttc; Dana.m— n; Miller, jAiA'i. 

Composed of twenty -four faces. Fig. 1 1 8, each of which cuts 
the three basal axes at unequal distances, simple multiples of each 
other ; and the vertical axis at some distance not simply related to 
the others. In the ideal form the faces are scalene triangles. 

That twenty-four such faces are Deeded (□ satisfy the symmetr? of (he class is 
readily seen in Fig. 117. Any face I reflected in the vertical planes becomes 13 faces 
and each of these reHected in the hoiiioalal plane conditions another. 

The values of n and of snc may be found by the following equa- 
tions. See Fig. 1 1 8. 

Given X and Z, cos v = -^ — v^ ■ « = 1 + tan (i- — 30°) x .866 ; 
' sm JZ ' 2 ' \ J > ' 

w/tr = tan JZ sin v. 
Given Kand Z, cos5 = ~t-^; « = 4 + tan (120°— iJ) x .866; 

mc = tan ^Z sin ( 1 50° — S). 
The L.imit Forms. 

The general form for special positions of the faces passes into 
certain limit forms. With the conventioiwl position of the axes 
the following positions correspond to limit forms : 

Each face horimntal. Wecss. Dana. MiLUUt. 

1. Basal Pinacoid. a>a : ma : son : <- o -{ OOOI ^ 
Each face venical. 

2. Hex. Prfsm First Order. a; 000:1 wt /, ^ loTo y 

3. Hex. pKtSH SecOND Orukr. 2a:2a:a:iKC i — 3 { II30 }- 

4. DlHEXAOONAL PrjSM. na t "_ a : a : oa c i—a \hkh\ 
Each face oblique. 

5. Hex. Pyramid First Order, a : sen ; a : mc m \ ktM\ 

6. Hex. PyRAMio Second Order, ta -. za -. a -. mc m — a \ U^tki \ 
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The Limit Forms in Detail. 

1. Basal PiNAcoiD. — r^aa-.toama-.c ; o; [oooij. 
Composed of two faces, Fig. 119, each parallel to the three 

basal axes. 

2. Hexag. Prism of First Order. — a: coa;a: vie;/ ; jioioj. 
Composed of six faces, Fig. 120, each parallel to the vertical 

axis and to one basal axis and cutting the other two basal axes at 
equal distances. 

Fic. 119. Fic;. lao. 







3. Hexag. Prism of Second Order. — 2a : 2a : a : <»c ; i— 2 ; 
ill20j. 

Composed of six faces. Fig. 121, each parallel to the vertical 
axis and cutting one basal axis at a certain distance and the other 
two at /wice that distance. 



4. DiHEXAGONAL PrISM. — »a 1 - 



c; i~n\ {ltklo\. 



Composed of twelve faces, Fig. I22, each 
parallel to the vertical axes and cutting all 
three basal axes at unequal distances which 
are simple multiples of each other. 

The value of « may be calculated by the 
following equations, Fig. 122. 

tan \X X . 1771 — - _ . or Un J K x 
'■732 = "---J' 



S- Hexag. Pyramid of First Order. — a : raa -. mc ; m ; \hohi\ . 

Composed of twelve faces. Fig. 123, each parallel to one basal 

axis, cutting the other two basal axes at equal distances, and 
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cutting the vertical axis at some distance not simple proportionate 
to the intercepts on the basal axes. In ideal forms the faces are 
isosceles triangles. 

The value of mc may be found by the following equations. Fig. 
123. 

tan ^Z X .866 = mc ; or sin a = cot \X x 1.732 ; tan a = mc. 

Fig. 123. Fk;. 124. 





6. Hexag. Pyramid of Second Order. — 2a '.2a\a\ mc ;m ^ 2; 
\/i/i2ki\. 

Composed of twelve faces, Fig. 1 24, each cutting one basal axis 
at a certain distance, the other basal axes at /wice that distance, 
and the vertical axis at some distance not simply proportionate to 
the others. In the ideal form the faces are isosceles triangles. 

The value of mc may be calculated. Fig. 124, by the equations : 

2 cos IX = sin ^Z ; tan ^Z = mc. 

Combinations of Forms in the Class of Dihexagonal Pyramid. 
Beryl. — Axes a '.c ^ i : 0.499 

Fig. 125. Fig. 126. Fig. 127. 





*r 






Fig. 125 shows the usual prism of first order ;;/ and basal pina- 
coid c ; in Fig. 126 the second order pyramid e = (2a : 2a\a\2c) 
occurs and in Fig. 1 27 the unit pyramid p is also present. 
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CLASS OP THE THIRD ORDER PYRAMID. 85. 

No. 9. Pyramidal Hemihedry, Liebisch. No. 1 5. Pyramidal Group, Dana. 

Crystals of the minerals apatite and vanadinite are symmetrical 
only to one horizontal plane and one vertical hexagonal axis. 



Fu;. 128. 



Fig. 129. 



Fig. 130. 






The General Form or Third Order Pyramid. — Weiss, 
n 



na: 



n — I 



a\a\mc\ Dana, w— « ; Miller, \hkli\. 



Composed of twelve faces, Fig. 1 29, each intersecting the vertical 
axis and also cutting all three basal axes at unequal distances which 
are simple multiples of each other. 

That twelve such faces are necessary to satisfy the symmetry of the class, may be 
traced in Fig. 128. The resulting form is geometrically like the pyramids of first and 
second order, and is distinguishable only when combined with other forms. 

The Limit Forms. 

Five of the limit forms are geometrically like forms already de- 
scribed, namely ; 

1. Basal PiNACOip. Fig. 119. 

2. Hexagonal Prism of First Order. Fig. 1 20. 

3. Hexagonal Prism OF Second Order. Fig. 121. 

5. Hexagonal Pyramid OF First Order. Fig. 123. 

6. Hexagonal Pyramid OF Second Order. Fig. 124. 

The new form is : 

n 



4. Hexagonal Prism of Third Order. — na : 



n — I 



a\a \QfiC \ 



i — n\ \ hklo )- . 

Composed of six faces, Fig. 1 30, each parallel to the vertical 
axis and cutting all three basal axes at unequal distances which 
are simple multiples of each other. 
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Combinations in the Class of the Third Order Pyramid. 

Apatite. — Axes a:c= i : 0.734. 

As in the corresponding tetragonal class it is only the occasional 
crystal that shows the symmetry by the position of its faces. 
Thus in the six figured crystals of apatite only Fig. 163 proves 
the true symmetry by the occurring faces. 



Fig. 131. 



Fig. 131. 



Rg- m- 




Figs. 131, 132, 133 and 134 show variations in habit in com- 
binations of the unit pyramid p, basal pinacoid c and first and 
second order prisms, m and a. In Fig. 135 a flatter pyramid 
o = {a : oi a : a \^ c) occurs with the basal pinacoid and second order 
prism, and in Fig. 1 36 a third order pyramid t = {^a-.^ia: 4*7) 
occurs with the unit prism, basal pinacoid, pyramid of first order 
o and pyramid of second order e ~ {za -.za-.a: 2c). 

Vanadinite. — Axesfl:c= i :o.7i2. 

The usual combination. Fig. 137, is the prism m and base c, but 
F[C. 137. Fio. 138. 




in Fig. 138, there is shown also the unit pyramid /, and a third 
order pyramid v, (Ja : 30:0: ^c). 
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SCALBNOHEDRAL CLASS. 31. 
No. 13. Rhomtx^edral Hemihedry, Liihisch. No. 19. Rhombohedral Group, Dana. 

This is by far the most important group in the hexagonal sys- 
tem, and includes the crystals of such minerals as calcite, corun- 
dum, hematite and chabazite. 
Symmetry of the Class. 

Fig. 139 shows the three planes of symmetry at sixty degrees 
with the three axes diagonal to these and one vertical axis. The 
axes of symmetry are taken as the crystal axes. 

The General Form or Scalenohedron, 

Weiss, na: a\a:m€\ Dana, m~n\ Miller, \hkli\. 

Composed of twelve faces. Fig, 140, each cutting all the 
axes. In the ideal form the faces are scalene triangles. The ad- 
jacent polar edges are necessarily unequal. 

Fig. 139. Fic, 140. 




To Mtisry [he symmetiy any face, i. Fig. 1.^9, must be accompanied by > face z, 
because of a plane of synunetiy, and by a face 3, because OA is an axis of lymmetty, 
Bod these require others and so on 10 twelve faces. 

The Limit Forms. 

Four of the limit forms have been described, namely : 

1, Basal PiNACoiD, Fig. 119. 

3. Hexagonal Prism of Second Order, Fig. 121. 

4. DiHEXAGONAL pRISM, Fig. 122. 

6. Hexagonal PvRAMiD OF Second Order, Fig. 124. 
The new forms are ; 

2, Trigonal Prism of First Order. — a: 00 a:a: ooc; I; 
\ lofof. 

Composed of three vertical faces. Fig. 141, each of which is 
parallel to one basal axis and intersects the others at equal dis- 
tances from the center. Fig. 141. 
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Fic. 14I- Fic. 14*. 





Rhombohedros of the First Order. — a: 00a: a:mc;a\ 
]hohi\. 

Composed of six faces. Fig, 142, each cutting two basal axes at 
equal distances, parallel to the third and cutting the vertical. In 
the ideal forms the faces are rhombs. 

The values of mi: may be calculated by the following equations. 
Fig. 142: 

sin rt= cos ^X X 1.155 ; tan a x -866 ^= mc. 
Combinations in the Scale nohedral Class. 

Calcitt. — Axes a: <r= 1:0.854. 

Figs. 143 to 150 represent the more common of the extremely 
numerous combinations shown by crystals of calcite. Rhorabo- 
hedrons and scalenohedrons predominate. The rhombohcdrons 






Fit. 144. 



Fic MS- 
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shown are/ the unit, Fig. 143, ^ the negative form o{ a: oq a: a :^c. 
Fig. 144 ; /the negative form o{ a.oo a\ a: 2c, Fig. 148 ; and g 
the positive form of ^ : 00 a : ^ : i6r, Fig. 145. 

Two scalenohedrons only are shown, z/ .= |^ : 3a : « : 3^ , Fig. 1 47, 
and w ^ ^a:4a:a:^c, Fig. 1 50. 

The rhombohedron e occurs more frequently than the unit and 
is shown in combination with the rhombohedron q in Fig. 145 
and with the prism m in 149. 

The unit rhombohedron is shown in combination with the sca- 
lenohedron v in Fig. 147, and with the two scalenohedrons v and w 
in Fig. 150. 

Figs. 149. Fir.. 150. 





Hematite, — Axes a:c ^ i : 1.365. 

Fig. 1 5 1 shows the unit rhombohedron / with the basal pina- 
coid^and the second order pyramid ;/ = {2a : 2a'. a: ^c). Fig. 1 53 
shows the same except that the basal pinacoid is replaced by the 
rhombohedron J" = (a : 00a : a : \c\ and Fig. 1 52 shows the two 
rhombohedrons / and g. 



Fig. 151. 



Fig. 152. 



Fig. 153. 






Corundum. — Axes rt:rs= i : 1.363. 

The unit forms of hematite and corundum are practically iden- 
tical, but the combinations and habits are very different. Fig. 
1 54 shows a second order pyramid n = {2a \2a\a ', Jr). Fig. 155 
shows this and two other second order forms = {2a \2a \a \ \c) 
and a = {2a \2a\a\^ c) and a rhombohedron/ =(^ : oo^ : a : 2c). 
Fig. 1 56 shows a second order pyramid w = {2a : 2a : a : 2c) with 
the unit rhombohedron p and the basal pinacoid c. 
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Fig. 154. Fio. 155 Flo. 156. 




ChabaziU. — Axes a\c=l: 1.086. 

Fig. 157 shows the unit rhombohedron / and Fig. 158 shows 
this combined with the more acute and more obtuse rhombohedrons 
e =*{a: c«a:*i: j£:}and/= {a ■.'»a:a: zc). Fig. 159 shows a twin, 
of the variety phacolite, 



Fic. 157. 



Fig. 158. 




HBMIMORPHIC CLASS 3 

No. 14. Second Hemimorphic Telartohedry^ Lietisck 
HemiDioTpbic Group, Dana 



No. zo. Rbombobedral 



The common mineral, tourmaline, and the ruby silvers, proust- 
ite and pyrargyrite, occur in forms showing different group- 





ings of faces at opposite ends of the vertical axis. That is the 
forms are without horizontal planes or axes of symmetry, Fig. 160. 
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The General Form or Hemimorphic Ditrigonal Pyramid. 

n 



Weiss, na\ 



a\a\mc\ Dana, m -— n \ Miller, \hkli\. 



n — I 

Composed of six faces. Fig. i6i, each cutting all basal axes at 
simply related distances and all cutting the vertical axis on the 
same side of the center. 

As seen in Fig. 1 60 if one such face occurs five others must to satisfy the symmetry. 

The Limit Forms. 
Only two of the forms have been described. 

2. Trigonal Prism First Order, Fig. 141. 

3. Hexagonal Prism Second Order, Fig. 121. 
The geometrically new forms are : 

I. The Basal Plane, oo/i: oo^: <»a\c\ o; {0001 }. 
Composed of one face parallel to the basal axes. 

n 
a\a\ ^c\i — n\\hklo\. 



4. Ditrigonal Prism, na : 



Composed of six faces, Fig. 162, each parallel to the vertical 
axis and cutting all three basal axes at unequal distances which 
a.re simple multiples of each other. 

Fig. 162. 




-v^'^r 



^ ^' 



Fig. 163. 



Fig. 164. 




5. Hemimorphic Trigonal Pyramid of First Order. 

a : o^a:a\fnc\ m ; \/io/n\ . 
Composed of three faces, Fig. 163, each parallel to one basal 
axis cutting the other two basal axes at equal distances, and cut- 
ting the vertical axis at some distance ;/^/ simply proportionate to 
the intercepts on the basal axes. 

6. Hemimorphic Hexagonal Pyramid of Second Order. 

2a:2a\a:nic] in — 2; \hh2hi\. 
Composed of six faces. Fig. 164, each cutting one basal axis at 
a certain distance, the other basal axes at twice that distance, and 
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the veitkal axis at some distance tt^ siinply proportiooale to tl^ 

others- 

Combinatioiu io the Heniunorphic Class. 

T&urmalint. — Axes n : *- = i : O-447. 

Hg. 165 shows the first order trigonal prism tm, the *^'r^^_^ 
order hexagonal prism a ; at the upper end the tr^onal pyiaa-fc^. 
of first order p ^(a: ^a:a:c) astAf ~ {a: »a:a:2e), bu^ 
the loMcr end the trigonal pyramid/ only. Fig. 166 shows mm^ . 
and a, but does not so evidently reveal the hemimorphic 5ynua fe_|j y 
Fig. 167 again shows m and a central, with at one end p an»-^ ^t 
the other / 

Fic. 145. Fiu. 166. Fic. 167. 




TRAPEZOHEDRAL CLASS. 18. 

No. 15. 1'rapeujhednl TeUnohedry, /.itihtk. No. 13. Trapeiohednl Group, ZJaiB«. 
Crystals of the common mineral quartz are without planes ^ 
symmetry but are .symmetrical to the four axes shown in Fig. t& A. 
The Gknerai- Form or Tkhjonal Trapezohedron. 
Weiss, na: a:a:mc; Dana, m-n; Miller, -J hkli \ • 

Composed of six faces. Fig. i68, each cutting all the axes. H^ 
ideal forms these arc trapeziums. 





rurni tiiiiM Vk nciumjinnicd by faces z and 3, 1 
axes Iff liitiory symmelry, each of these must b 



(ynimclry, 
1 liecBuse (he olfccraies. M OA, tM 
accompanied by one of ihe faces 4, 
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The Limit Forma. 
Five of the six forms have been described namely : 
I. Basal Pinacoid, Fig. 119. 
3. Hexagonal Prism of First Order, Fig. 1 20. 

3. Hexagonal Prism of Second Order, Fig. 121. 

4. Ditrigonal Prism, Fig. 162. 

5. Rhombohedron of First Order, Fig. 142. 
The geometrical new fonn is 

6. Trigonal Pyramid of Second Order. — 2a : 2a : a : tnc ; 
m~2; \ hhiJii j-. 

Composed of six faces. Fig, 169, each cutting two basal axes at 
an equal distance, the third at half that distance and the vertical 
somewhere. The faces in the ideal form are isosceles triangles. 
and a horizontal section is an equilateral triangle. 
Combinations in the Trapezohedral Class. 

Qvartz. — Axes a-.c= l ; 1. 099. 

Fig. 1 70 shows the positive p and negative / unit rhombohe- 
drons, combined in equal proportions. Figs. 1 72, 1 73 and 1 74 
F](;. 170. Fig. 171. Fio. 172. 




show one or both of these combined with the hexagonal prism of 
first order m. 
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In Fig. 171a second order pyramid s = {2a : 2a:a: 2c), necessa- 
rily trigonal, occurs with the forms previously mentioned. Fig. 
17s and 176 both show the prism m and the two unit rhombohc- 
drons, but in Fig. 175 the second order trigonal pyramid s and the 
trigonal trapezohedron x = (^a :6a: a : 6c) are both to the right of 
the positive rhombohedron /, while in Fig. 1 76 they are to the 
left. These crystals are called right-handed and left-handed, and 
represent a structural difference which is also revealed by etching, 
rotation of the plane of polarization and pyro-electric phenomena. 

CLASS OF THIRD ORDER RHOMBOHEDRON. 17. 

No. 16. Rhombohedral Tetartohedry, Liebisch, No. 21. Trirhombohedral Groap, 
Dana. 

A number of minerals, ilmenite, dolomite, phenacite, dioptase, 
willemite, etc., occur in forms which are symmetrical only to a 
vertical trigonal axis, and to the central point. 

The General Form or Rhombohedron of Third Order. 

Weiss, fta: a:a:mc\ Dana, m-n: Miller, \hkii\. 

Composed of six faces, Fig. 178, each cutting all the axes at 
unequal distances. 

Any face, Fig. 177, must, because of the trigonal axis, be accompanied by two 
other faces 2 and 3 and each of the three must have a diametrically opposite face, 4« 
5 or 6, as in Fig. 177. 

Fig 177. Fig. 178. 





The Limit Forms. 

Of the six limit forms, five have been described, namely 

1. Basal Pinacoid, Fig. 119. 

2. Hexagonal Prism of First Order, Fig. 120. 

3. Hexagonal Prism of Second Order, Fig. 121. 

4. Hexagonal Prism of Third Order, Fig. 130. 

5. Rhombohedron of First Order, Fig. 142. 
The geometrically new form is : 



HEXAGONAL SYSTEM, 



47 



Fig. 179. 



6. Rhombohedron of Second Order. 

2a: 2a\ a: mc \ m-2; \ hh2hi \ . 

Composed of six faces, Fig. 179, each 
cutting two basal axes at twice the distance 
that it cuts the third, and cutting the vertical 
somewhere. 



Combinations in the Class of the Third Order Rhombohe- 
dron. 

Phenacite. — Axes a:c =zi : 0.66107. 




Fig. 180. 



Fig. 181. 





Fig. 180 shows the first order prism m and second order prism 
a and the third order rhombohedron x =z^ a: ^a :a:^c. 

Fig. 181 shows first order rhombohedrons r, ^ and d, second 
order rhombohedrons / and o, third order rhombohedrons x and s 
and second order prism a. 



CHAPTER V. 

ORTHORHOMBIC SYSTEM. 

The orthorhombic* system includes three classes of symmetry, 
in all of which the crystallographic axes may be chosen at right 
angles to each other, but are not interchangeable. 

Series. 

All forms which ever occur upon crystals of the same substance 
belong to one series. That is, their faces occur at such angles 
that if the intercepts of any one face are reduced until one term is 
unity, then the axial intercepts of any other face, taken in the same 
order and reduced until the same term is unity, will be simple 
or infinite multiples term for term of those of the first face. 

If one of the faces is taken as the unit and its intercepts ex- 
pressed by a.b'.c all other faces may be simply expressed in 
terms of this face. For instance in the crystals of topaz, Figs. 197 
to 199, the calculated intercepts for certain faces and their symbols, 
when / is taken as the unit face, are as follows : 



VCE. 


Calcl'latki) Intercepts. 


Symbol in Terms of/. 


/ 


0.528 : I : 0.477 


a: b\c 


i 


0.528 : I : 0.318 


a\b '. %e 


1 


0.528 : I : 0.954 


a : b : 2c 


m 


0.528 : I : 00 


a : b : ooc 


I 


1. 156 : I : 00 


2a :b : oor 


f 


00 : I : 0.954 


Qoa :b : 2c 


h 


I : 00:0.318 


a : Qob : %c 



The Choice of the Unit Plane. 

The directions of the axes having been determined, the unit 
plane chosc^n will if possible be a face of frequent occurrence which 
intersects all the axes.f The orientation is then optional. One 
axis, Fig. 182, will be made the vertical, or r, axis, the other two 



♦ .'Vlso called Prismatic, Rhombic, Ein-und-einaxige, Anisometric and Trimetric. 

t < )n account of similarity of crystals to some species of related composition, another 
choice may be made or the values /?, b and c may result from two different faces or from 
cleavages, because of greater brilliancy and more accurate measurements. 



ORTHORHOMBIC SYSTEM, 



49 



will be horizontal, and the horizontal axis with the longer unit 
intercept will be placed to run from left to right, and called the 
macro or b axis ; the other axis will run from front to back and will 
be called the brachy or d axis. 



PYRAMIDAL CLASS 8. 

No. 25. Holohedry, Liebisch. No. 25. Normal Group, Dana, 

Almost all orthorhombic minerals crystallize in forms sym- 
metrical to three planes at right angles to each other, as in Fig. 182, 
the intersections of these being axes of binary symmetry and 
chosen as the crystallographic axes. 

General Form or Pyramid. 

Composed of eight faces. Figs. 183 and 184, each of which cuts 
the three axes in the same relative distances ; these intercepts are 
never simple multiples of each other, but in crystals of the same sub- 
stance are necessarily simple multiples of the corresponding inter- 
cepts of the selected unit pyramid. In the ideal forms the faces 
are equal scalene triangles. 



Fig. 182. 



Fig. 183. 



Fig. 184. 






The values of ml and mc may be determined from any two of 
the angles X, Y, Z, Fig. 184,' by equations like the following : 



cos a 



cos /9: 



cos ^X 
~~ sin ^Z ' 

cos ^Z 

sin^A'* 



?ia = cot a. 



mc = tan ^ x nd. 



Evidently a rhombic pyramid may be composed either of faces 
with the unit intercepts, or the faces may be at other angles, 



so 
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with any one or two of the intercepts simple multiples of the unit 
intercepts. Three types are distinguished, the- symbols being :* 





Weiss. 


Dana. 


Miller. 


Unit series Pyramids, 


d\b\mc 


;;/ 


{IM^ 


Macro Pyramids, 


d\nb\ nic 


;// — h 


{hkl\ 


Brachy Pyramids, 


nd\b \ nu 


m — n 


{kia\ 



Limit Forms. 

The general form for special positions of the faces may be- 
come one of six limit forms, as follows : 

Each face parallel to two axes. Weiss. Dana. 

1. Basal Pin AcoiD. ood: oo6:c o 

2. Macro Pin ACOID. d: ooi:ooc i — i 

3. Brachy Pinacoid. ood: 6: ooc i — l 

Each face parallel to one axis. 

4. Brachy Dome. 00 d: i?\ mc m — l 

5. Macro Dome. d: 00 d: mc m — / 

0. Prism. ^ - . ^ 

ynd\b\ ^c i^n 



Miller. 
^001 J. 
\ 100 \ 
\ 010 \ 

\okl\ 
\hol\ 
{ hko \ 
{ kho \ 



The Limit Forms in Detail. 

1. Basal Pinacoid. — 00^: coh:c\ o; -{ 001 \, 
Composed of two faces, Fig. 185, each parallel to the basal axes. 

2. Macro Pinacoid. — d: o^^b: 00 r; /— ^; -^ 100 )-. 
Composed of two faces, Fig. 1 86, each parallel to the macro 

and vertical axes. 



Fig. 185. 



Fig. 186. 



Fig. 187. 
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* It is customary to assume n as varying only from I to oe, never less than I ; that 
is, the very possible value, Y^a : b -. 2c, is represented by a : 2^ : 4^,11 being made 
greater than i by transferring it from a \ob with an appropriate value. 
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3. Brachy PiNACOiD. — c»a:b\ 00^; i—i) -{010}-. 
Composed of two faces, Fig. 1 87, each parallel to the brachy 

and vertical axes. 

4. Brachy Dome. — oa d:b:tfic\ m^i\ \ okl \ . 
Composed of four faces, Fig. 188, each parallel to the brachy 

axis but cutting the macro axis and vertical axis in distances not 
simply proportionate. 

The value of mc may be determined by the equation, Fig. 188, 

tan ^ B = mc, 

5. Macro Dome. — d :coh'.mc\ m-^i \ -{ hoi J- . 
Composed of four faces, Fig. 189, each parallel to the macro 

axis but cutting the brachy axis and the vertical axis in distances 
not simply proportionate. 





Fig. 188. 



Fig. 189. 



Fig. 190. 



The value of fftc may be determined by the equation, Fig. 189, 

tan i ^ = - • 

^ a 

6. Prism. 

Composed of four faces, Fig. 190, each parallel to the vertical 
axis and cutting the basal axes in distances not simply proportionate. 

The intercepts on the basal axes may be in the unit ratio or one 
of the intercepts may be relatively lengthened. 

The types receive names and symbols as follows : 

Unit Prism, (1:1) : cc c I 

Macro Prism, a\nb \ ^ c i - n \ hko \ 

Brachy Prism, ml\b \^ c , — n \ kho \ 

The value of na can be determined by the equation, Fig. 190. 

cot \ A^= na. 



{"Of. 
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Combinations in the Pyramidal Class. 

BariU. — Axesd :^ : c = 0.815 : '= i-3'3- 

The prevailing faces are the unit prism m, the basal pinacoi* 
the macro dome « = (d : <»b: i c), and the brachy dome *^ 
{zaa-.b-.c). 

Fio. 191. FjG. 192. Fig.. 193. 




All of these are shown in Fig. 196. Fig. 195 contaifts also the 
brachy pinacoid h and Fig. 193 the macro pinacoid a. Figs. 191, 
193 and 194 are simpler combinations of the same forms, 

Topas. — Axes (I: 'b: (7 = 0.528: i: 0.477. 

Fig. 197 shows the unit pyramid /, unit prism m, brachy 
prism / = (2(1 -.b: 00 c) and the brachy dome / =( 00 d : ^ : 2c]. 
Fig. 198 shows the same forms with the basal pinacoid c and 

Fic, 198. Fig. 199. 




Fig, 199 shows all of 198 and also two other pyramids i = a\b;. 

|- f ; y = (J : /' : 2r ; and two macro-domes h =d: co ^ : | r and k = 
a : aab : 2c. 

HEMIMORPHIC CLASS. 7. 
No. 27. Heniimoqihv, Liebisih. No. 26. Ilemimorpbic Group, Dana. 

The mineral calamine, occurs in crystals which are symmetrical 
to only two planes and their intersection. That is the faces are 
different at opposite ends of the axis of symmetry. 
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The General Form or Hemimorphic Pyramid. 

Composed of four faces. Fig. 235, each cutting all three axes. 
Just as in the general form of the preceding 
class the symbol may be any one of: 



Weiss. 


Dana. 




Miller. 


d: b : mc 


m 




{ hlil\ 


A\nb\ mc 


m '— h 




{ hkl\ 


na\~b\ mc 


m^n 


m 


{kld\ 




I^iiiiit Forms. 

Three of the limit forms are geometrically like the forms of the 
preceding class namely : 

2. Macro Pinacoid. Fig. 186. 

3. Brack Y Pinacoid. Fig. 187. 
6. Rhombic Prism. Fig. 190. 

The geometrically new forms are : 

I. Basal Plane. — oo^:oo^:r; o; -{001 \, 

Composed of one face parallel to the basal axes. 

4. Hemimorphic Brachy Dome. — 00^ : ^ : mc ; m — i; ^ okl )- . 
Composed of two faces, Fig. 201, each parallel to the brachy axis. 



Fig. 201. 



Fig. 202. 





I 



t>" 




5. Hemimorphic Macro Dome. — d : 00^ : mc ; m — i; ^ hoi \ , 

Composed of two faces, Fig. 202, each parallel to the macro 
axis. 

Combinations in the Hemimorphic Class. 

Fig. 203 shows a crystal of calamine with the unit prism m and 
the macro and brachy pinacoids a and b. One end shows only 
the hemimorphic pyramid v = (2^ : b: 2c), the other shows the basal 
plane, c, the two brachy domes rf= ( oo/l :b:c) and / = ( 00^ :b : ^c) 
and the macro dome t = d : cob : ^c. 
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The other class in this system has a representath'c in epsom 
the characteristic form being the sphenoid /, Fig. 204. 



Fig. 203. 



Fig. 204. 





CHAPTER VI. 



MONOCLINIC SYSTEM.* 



Sen 



The monoclinic system includes three classes of symmetry, in 
aJl of which the crystallographic axes may be chosen so that two 
are oblique to each other and the third normal to the other two. 
The axes, Fig. 205, are not interchangeable. 

Conventionally the normal 
or ** ortho " axis d is placed 
from right to left, either of the 
other axes is made the vertical, 
c, and the third "the clino,** a, 
^ dips downward from back to 
front. The acute angle be- 
tween the vertical and clino 
axis is called ^9. 




s. 



that has been said as to series under the orthorhombic sys- 
tem CDH p. 48 may be repeated here. The axes are understood to 
l>c ft:xed with one definite value for /3 for all forms of the series. 



PRISMATIC CLASS. 5. 

No. 28. Holohedry, LUbisch. No. 28. Normal Group, Dana. 

11 the common monoclinic minerals occur in crystals sym- 
tincal to one plane and to one axis normal to the plane. Fig. 



Geineral Form or Hemi Pyramid. 

Composed of four faces each intersecting all the axes in dis- 
tances not simple multiples of each other. For any symbol two 
independent forms result, each of four faces. The four in Fig. 

207 constitute the so-called positive hemi pyramid, those in Fig. 

208 the negative. 

** 'Alio called Hemiprismatic, Zwei-und-eingliedridge, Monoclinohedral, Clinorhom- 
^<^» ^KloDOsymmetric. 
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Fig, 3o^. Fio. 208. 




Just as in the orthorhombic system the faces of a hemi py^ -■ 
mid may have the unit intercepts or any one or two of the iii'*^^ 
cepts may be simple multiples of those of the unit face. To *J' 
tinguish the possible varieties the following names and symtx^^ 
are needed : 

Positive Unit Series Pyramid, 
Negative Unit Series Pyramid, 
Positive Ortho Pyramid, 
Negative Ortho Pyramid, 
Positive Clino Pyramid, 
Negative Clino Pyramid, 

Limit Forms.- 

The general form will, for certain positions of the faces, pass into 



Naumak. 

•iooi i- 

■I "ooy 



Weiss. 


Dana. 


MlLLCH 




+ <« 




+ a:tib: w/i- 


+ m-i, 




■Yfia-.b: VIC 


+ m-h 


{ilU\ 


— >ta:b: iitc 


-m-k 


\m\ 



limit forms as follows : 




Each face parallel to 




two axes. 


Wei 


1. Basal Pinacoid. 


=»«; 


2. Ortho Pinacoid. 


rt :ooi4 


3. Clino Pin.vcoid. 


<x.a:i 


Each face parallel to 




one axis. 




4. Clino Dome. 


oort :^ 


5. Ortho Do.me. 


rt:ooi 


6. Prism. 


a:nb: 
iia-.h: 
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xnit Forms in Detail. 

I. Basal PiNACOiD. — ooa: o^b\ c\ o; \ ooi \, 
Composed of two faces, Fig. 209, each parallel to both basal 



:2. Ortho Pinacoid. — a : 00 ^ : 00 ^r ; / — / ; \ 100 \ . 
Composed of two faces, Fig. 210, each parallel to the ortho and 
i~tical axes. 



Fig. 209. 



Fig. 210. 
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3. Clino Pinacoid. — ^a\b\ 00 r"; /-i; { 010 J-. 
Composed of two faces, Fig. 211, each parallel to the clino and 

-rtical axes. 

4. Clino Domes. — 00 ^i : b\ mc ; m — l \ { okl )- . 
Composed of four faces, Fig. 212, each parallel to the c no 

xis and cutting the vertical and ortho axes in distances 7iot simply 
roportionate. 



Fig. 211. 



Fig. 212. 









Hemi Ortho Dome. 

Composed of two opposite faces, each parallel to the ortho axis 
id cutting the clino and vertical axes in distances not simply pro- 
Drtionate. 

If the faces lie in the acute angle [i, the form is called positive. 
ig. 213, if they lie in the obtuse angle, the form is called negative. 



^ 
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Positive + a: oa b: mc ; + m- 
Negative ~\a : vtb: fnc\ — m 

Fig. 213. 



-J; \hol\. 
Fig. 214 
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6. Prism. 

Composed of four faces, Fig. 214, each parallel to the verti 
axis, and cutting the basal axes in distances not simply prop 
tionate. 

As in the pyramids, a prism compared with the chosen u 
plane may be : 

Unit Prism a \~b ^c I \\\o\ 

Ortho Prism a: 7tb: ccc i —n ^ kko \ 

Clino Prism fia-'b :cc c i—h ^ kho )- 

The ratio between a and b cannot be determined from the pri 
matic angle alone : if, however, the angle B of the unit prism 
known, the value of n for any other prism may be determined 

measuring its angle B^ and using the equation : « = 7 — j-p-- 

If the angle A between the basal pinacoid and unit prism 
known and the prism angle B, the ratio between the axis and als^c:^ 
the angle /9 may be determined by the equations : 

^ -^ _ cos A 

- == cot ; cos a = — — ^i-Q- 
b ^ sm i /9 

In clino and ortho prisms the values of n may be determined 
when the angle ^ is known : 



cos i B 
cos o = — . — ).- 
sin A 



n = a tan i ^ sin ^ ; ;/ = 



cotii5 



a sin^ 
Combinations Prismatic Class. 

Pyroxene. — Axes a\b\c=. 1.092 : i : 0.589 ; /9 = 74® lo' 9". 
Fig. 2 1 5 shows the three pinacoids, a, b and c^ the unit prism «r, 
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he negative unit hemi-pyramid p and the positive hemi-pyramid v 
,(a:i:2c). Fig. 217 isthe same without?' and Fig. 2i6omitsalso 
e basal pinacoid c. Fig. 218 shows the unit prism m, the basal 




na-CO'd c, two positive hemi-pyramids v and w= (a:d: ^c) and a 
ino dome s^(^ea a :d : 2c). 
A.MPHIBOLE. — Axesaid: c = 0.551; l : 0.293; /J = 73° 58' 4". 






r-^^?^ 




t*'ig. 2 1 9 shows the unit prism ;//, the basal and clino pinacoids, c 
i- ^and the positive unit hemi pyramid J>. Fig. 220 shows the 
t prism, clino pinacoid and unit clino dome rf = ( « a : ^ : c), 
Z~ 221 shows the same except that the clJno pinacoid d is re- 
'<::ed by the ortho pinacoid a. 

Fig. 824- Fig, 13$. 



;f-.- 
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Orthoclase. — Axesa:^:r=o.6s8; i 10.555; ^=63° 56' 46". 

Fig. 222 shows the unit prism m, clino and basal pinacoids h 
and c, and positive hemi orthodome j = (i : 00 ^ : 2c), In Fig- 
223 y is replaced by o = (i : co b: c), and in Fig. 225 the clir^o 
pinacoid is omitted. Fig. 224 includes the forms of 257 and also 
a clino prism z = ^a:b: 00 c and the unit pyramid /. 

Not one of the common monoclinic minerals is known. ^^ 
crystallize in either of the other two classes possible in the syst^ tti. 




CHAPTER VII. 

TRICLINIC SYSTEM.* 

The Triclinic System has been divided into two classes in both 
^f which the cry stall ographic axes are three lines oblique to each 
other and not interchangeable. 

The three axes, Fig. 226, ^'''- "^• 

^re usually chosen parallel to 

prominent edges of the crystal. 

One of the three chosen axes 

is placed in a vertical position, 

and is called the vertical axis, 

c. Of the others, the brachy 

iAcis tl takes the position of the 

lino axis in the monoclinic system and the. macro axis 6 takes its 
osition according to its angles with a and c. 

Tine oblique angles between the axes are conventionally desig- 
i.t:^<d by Greek letters as follows : 

^ A ^ by ;- ; a /\ chy ^ ] b l\ chy a. 

s in the preceding systems all the "forms'* in which onesub- 
ce ever crystallizes belong to the same series, that is, if 
rred to three axes inclined at certain constant values for a, ^ 
Y, the intercepts of any two faces reduced until the same term 
"1 ^ach is unity, and the corresponding terms divided the one by 
W^ other; the quotients will be either simple numbers, simple frac- 
xis, or infinity. 

PINACOIDAL CLASS, a. 

No. 31. Holohedry, Lifbisch. No. 31. Normal Class, Dana. 

All known triclinic minerals crystallize in forms symmetrical to 
e center only. Every form must therefore consist of two faces. 

*Also known as Tetarto prismatic, Ein-und-eingliedrige, Triclinobedral, Clinorhom- 
oidal, Anorthic, Doubly oblique and Asymmetric. 
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General Form or Tetrapyramid. 

Composed of two opposite faces, Fig. 227, which may be, as l 
the orthorhombic, unit, macro or brachy. 

Weiss. Dana. 

Unit Series, d\b\mc m 

Macro, d\nb\mc m — n 

Brachy, 7id\b\ffic m — n 

According to the position of the faces with reference to thi 
axes, names and symbols may be given. Thus, for four tetra 
pyramids of the unit series : 



MiLLKR. 

{ hlcl \ 
\ lchl\ 



Upper Right Tetra-Pyramid, 
Upper Left Tetra-Pyramid, 
Lower Right Tetra-Pyramid, 
Lower Left Tetra-Pyramid, 

Fig. 227. 



d\b \ mc 
d\V \inc 
d' 'M \ ntc 
d' :b\fnc 






\hU\ 



Fig. 228. 





Limit Forms. 

The general form for certain positions of the faces will p 
into limit forms as follows : 



Mil 
\ 001 
-{ 100 



Each face is parallel to two axes. 

1. Basal Pinacoid, 

2. Macro Pinacoid, 

3. Brachy Pinacoid, 

Each face is parallel to one axis. 

4. Hemi Brachy Dome, 

5. Hemi Macro Dome, 

6. Hemi Prism, 

The Limit Forms in Detai . 

I. Basal Pinacoid. — co^?:oo^:r; o; -{ ooi I. 

Composed of two faces parallel to the basail axes. The faces c 
in Figs 228 and 233. 



Weiss. 
00^ : ccb : c 
d : ccb : ccc 
ood :b: 00c 

ccd : b : 7;ic 
d': 00b : mc 
d'.7ib\ 00c 



Dana. 
O 



m — ^f ' 
m - ,f ^ 



^ 



{ 010 y 

\hho\ 
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2, Macro Pinacoid. — a : 00^ : oor ; / — i ; \ 100 \ . 
Composed of two faces parallel to the macro and vertical axes. 
The /aces a of Figs. 228, 232, 233 and 234. 

- Bitchy Pinacoid. — oo^:^:oor; i-i \ ^oio}». 
Cottt^s^d of two faces, each parallel to the brachy and vertical 

axes. Th^ f^^^^ * ^f f^^S^- 228, 232, and 233. 
j^ I^EMi Brachy Domes. 

Composed of two faces, Fig. 229, parallel to d and intersecting 

b and ^ i^ distances not simply related. According to the position 

the form may be : 

6 : mc m — . i' -^ okl ^ 



Right upper. 
Left upper, 



Fig. 229. 



00 d 
00 d 



mc 



Fig. 230. 






{okl\ 



Fig. 231. 








.-.-^" 



m-' i' 



^-th 



\hol\ 



5. I-Iemi Macro Dome. 

Coinposed of two faces, Fig. 230, each parallel to the macro 
axis and cutting the brachy axis and the vertical axis in distances 
not siinply proportionate. 

According to position the form may be : 

r front, d\ o^ b\ mc 

cr front, d^ \ o:i b: mc 

6- Hemi Prism. 

Composed of two opposite faces, Fig. 231, each parallel to the 
vertical axis and intersecting the basal axes. The same division 
IS made into macro, brachy and unit as in the orthorhombic. For 
instance : 

Right Brachy, nd\b\ o:iC /-«' ^ kho \ 

Left Brachy, nd\b' \ ccc i-'n \ kho )■ 

Combinations in the Triclinic System. 

Fig. 232 shows a crystal of chalcanthite with brachy pinacoid b, 
^^a.cro pinacoid a, right hemi prism m, left hemi prism M^nd lower 
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left tetra pyramid /. Fig. 233 shows a crystal of cyanite with t t\t 
three pinacoids a, b and c, the right w, and left AThemi unit prisrmis 
and a right hemi brachy prism l^={2d: b \ 00c). 



Fig. 232. 



Fig. 233 



Fig. 234. 




d 



I,' 



Z?\ 



ni 




Fig. 234 shows a crystal of axinite with both hemi prisms ^-« 
and M, macro pinacoid a, upper right and upper^left unit pyramids 
/' and 'fi and a macro dome e = a : cob : 2c. 



CHAPTER VIII. 

TWINNED CRYSTALS. 

Crystals frequently occur in which the faces, while evidently 
3nging to more than one individual, possess a very definite 
ition with respect to each other, usually symmetrical to a defi- 
; plane called a twinning plane. 

iuch a symmetrical intergrowth of two like crystals is called a 
med crystal. When the two individuals penetrate each other 
Y constitute a penetration twin and when they do not they con- 
Lite a contact twin. 
inning Plane. 

The twinning plane, since it is a plane of symmetry for the pair 
:^rystals, cannot be a plane of symmetry for either individually. 
5 usually, however, parallel to a crystal face of simple symbol. 
tn Axis, 

.^he line normal to the twinning plane is called the twin axis 
usually the two individuals are in the relative positions corre- 
nding to a half revolution about this line of one of two originally 
atllel individuals. Evidently this twin axis cannot be an axis of 
iry symmetry, p. 4, because a rotation of 1 80^ about it would 
ig the crystals into an identical instead of a reversed position. 
* the same reason the twin axis cannot be an axis of tetragonal 
hexagonal symmetry, though it could be an axis of trigonal 
imetry. The tv/in axis will usually, however, be either a crys- 
Dgraphic axis or normal to some very prominent face. 

ISOMETRIC TWINS. 

inning Plane an OctaJiedroii Face. 

^he most frequent type is with the twinning plane an octahedral 
-. Fig. 235 shows an octahedron with the twinning plane shaded 
i the twin axis A A normal thereto ; Fig. 237 shows the corres- 
iding contact twin, and Fig. 236 the interpenetrating twin, 
^ig- 238 shows a combination of cube and octahedron, the twin 
He shaded and the twin axis A A normal thereto. Fig. 239 
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shows two such crystals united in reversed positions. Fig. 240 
shows two cubes interpenetrating. 



Fig. 236. 




Twinning Plane a Cube Face. 

A cube face can be a twinning plane in the class of the hex- 
tetrahedron, p. 18. 

Fig. 241 shows the tetrahedron with the twinning plane shaded 
and the twin axis OA normal thereto. Fig. 242 shows the pene- 
tration twin the reversed tetrahedron being shaded. 




Twinning Pla e a Dode aledr Face, 

A face of tl e dode al edron c^n be a twinning plane in the class 
of the diploid. Fig. 243 shows a pyritohedron with twinning plane 
shaded and twin axis OA normal thereto. Fig. 244 shows the 
penetration twin, the reversed form being shaded. 



TWINNED CRYSTALS. 

Fia 343. Frc. 244- 




TETBAGONA'- TWINS. 



Twinning Plane a Face of Second Order Pyramid. 

This is the most common type. Fig. 245 shows a cassiterite 
crystal with such a plane shaded. Fig. 246 shows the contact 



Fig. 345. 



Fig. 246. 



Fig. 247. 




twin, the reversed form being shaded. Fig. 247 shows a similar 
contact twin of rutile. Fig. 248 shows the pyramid of hausman- 
nitc with twinning plane shaded. Fig. 249 shows a contact twin 



Fig. 248. 










and Fig. 250 shows four pyramids which have grown about a fifth 
in normal position, each of the pyramids with a twinning plane 
parallel to a diflerent face of the second order pyramid. 



CR YSTA LL OGRAPHY. 



Other planes may be twinning planes. Chalcopyrite occurs with 
twinning plane parallel to a first order pyramid face. In scheelite. 
Fig. 251, the twinning plane is parallel to a face 
of the second order prism. 



Fig. 351. 




HEXAGONAL TWIN. 
Twins are rare in the class of highest sym- 
metry of this system. In the scalenohedral 
class twins occur with the twinning plane par- 
allel to a rhombohedron or base but not to a 
prism face. In quartz, however, which belongs 
to the trapezohedral class, p. 44, without planes 
of symmetry, the twinning plane is frequently a prism face. 
Twinning Plane a Face of a Rhombohedron. 

Fig. 252, represents a calcite unit rhombohedron with a twin- 




ning plane parallel to a : 00a i a: ^/r shaded. Fig. 253 shows 
the twin with the reversed form shaded. 

Tivinning Plane the Basal Pinacoid. 

In calcite and other minerals of the scalenohedral class, p. 39, 
the basal pinacoid is sometimes the twinning plane. Fig. 254 




shows a calcite scalenohcdron with twinning plane shaded, and Fig. 
255 shows the corresponding contact twin. 



TWINNED CRYSTALS. 



69 



Twinning Plane a Face of First Order Prism. 

In quartz, twins of this kind occur like Fig. 256, but more 
frequently interpenetrating and as then the positive rhombohedron 
of one coincides with the negative of the other, the twin structure 
is only recognized by etching. 
Twinning Plane a Face of Second Order Prism. 

If this occur in quartz the twin is not a true twin if both in- 
dividuals are positive or both negative for the positions after 
revolution, are identical and not reversed. If one is positive 
and the other negative the result is as in Fig. 257 and basal sec- 
tions will show characteristic optical phenomena. 



ORTHORHOMBIC TWINS. 
The pinacoids will not be twinning planes but any other face 
may be. 

Twinning Plane a Prism Face. 
Fig. 258 shows such a con- 
tact twin of aragonite and Fig. 
259 shows the pseudohexa- 
gonal shape frequent in this 
mineral as a result of repeated 
twinning. 



T-winning Plane a Dome Face. 

Fig. 260 shows a stauroJite crystal with a plane parallel to 
a brachy dome ood : b: \c shaded. Fig. 26 1 shows the interpene- 
tration twin the reversed form shaded. 

Fig. »6o. Fig. a6i. Fic. 262. Fig. 363. 





Twinning Mane a Pyramid Face. 

Fig. 262 shows a staurolite crystal with twin plane |<i: b: ^c 
shaded. Fig. 263 shows the corresponding interpenetration twin. 
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MONOCLINIC TWINS. 
The plane of symmetry will not be a twin plane, any 
may be. 



^ther 




Tivinning Plant the Ortkopinacmd. 

This is the most common type. M^^%- 
264 shows a gypsam crystal wit/-* ^ 
shaded plane parallel to the orthopi*^*" 
coid. and Fig. 265 shows the correspo*^''" 
ing contact twin. Fig. 266 shows an *"" 
terpenetrating so-called " Carlsbad " t*^-"^ 
of orthoclase. 
Tivinning plane tlu Basal Pinacoid. 

Fig. 267 shows the so-called " Matir**" 
bacher" twin of orthoclase. 



Tictnning Plane a Dome Face. 

Fig, 268 shows the so-called " Baveno " twin of orthoclase, tl»* 
twinning plane being parallel to the clinodom 00 d:i:2c. 

TRICLINIC TWINS. 
Twinning Plane the Brachy Pinacoid. 
Altiiough any face may be a twinning plane, the brachy pina- 
FlG. 269, Fic. 270. 
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I is the most frequent. Fig. 269 shows a twin of albitc 
►ite law) the twinning plane shaded. 

ri the so-called pericline twin of albite the macro axis is the 
n axis, Fig. 270. Twins also occur with the macro pinacoid 
:he twinning plane. 



CHAPTER IX.» 



MEASUREMENT OF CRYSTAL ANGLES. 




Fig. 371, 




The instruments used in measuring the angles between crystai 
faces are called goniamttcrs . 
Hand Goniometers. 

The hand -goniometer consists essentially of two pivoted an^C^ 
and a graduated arc. If the crystal faces permit close contact, ^^ 
instrument with detachable arm ' 
like that shown in Fig. 271. w^S 
yield measurements which are a^^ 
curate within one degree. 

The arms are first lifted from tl : 

arc and slid upon the pivot un^^ 
the pointed ends are of convcniei^^ 
but not necessarily equal. length — ^ 
be applied to the crystal. The^ ^= 
ends are then so placed that ea^cz 
is perpendicular to the edge of L a 
tersection of the two crystal faces, and in such close contact tl-». 
no light passes between the arms and the faces. When satisf^a_ 
tory adjustment has been secured the arms are clamped and x— 
placed on the arc, as in the figure, and the angle is read. In t:fl 
figure the angle is 1 20 degrees. 

Several measurements should be made and the average tak^^^ 
After each reading the arm should be undamped and the n^s 
^measurement made as if it were a different angle. 

(iReflection Goniometers. 

The angles between smooth bright faces can be measured 
alf minutes or even closer, as follows: 

The crystal is adjusted so that an edge coincides with the ax^ 
f rotation 0, Fig. 272. CO is a ray of light fixed in directic= 
^O is the line of sight or axis of a telescope. NO bisects t 
gle COT. 




\ 



MEASUREMEXT OF CRYSTAL ANGLES. 

Whatever the position of the crystal the ray CO striking it is 
reflected, but only when a face of the crystal coinddes with AB', 
at right angles to A'O, can 
the reflection enter the fixed 
telescope OT. For a posi- 
tion of the crystal indicated 
by the black rhomb, one 
face coinddes with AH'. 
ilnd a reflection readies T. 
Another face at that time 
coincides with OB. A re- 
flection will be obtained 
from this second face, after 
a rotation measured bj* the 
arc BB' , the supplement of 
the arc AB, which measures 
the angle between the faces. 

The axis of rotation may be horizontal, as in the Wollaston and 
Mitscherlich instruments, or vertical as in the Babinet and Fuess 





ij. 273 shows the I'ucss goniometer ' (Model 4, a) which is 
^'iRiirably adapted for student work. It is ver>' much lower priced 
I ^h*n the Model 2. but is exceedingly simple in adjustments and 
, "Ccuratc in its results. 

|fF«t«s, Steglilz, near L'erlin, mitrks 360, or about 6j l'oIUis. 
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Two telescopes are used : 

(a) The collimator telescope C fixed in a constant position and 
designed simply to guide to the crystal a ray of light from a lamp 
set at the outer end. At this end is an orifice like a double crescent, 
Fig. 274, formed by two circular discs of equal diameter set a dis- 
tance apart which can be regulated by a screw. 

{b) The observation telescope TJ which may be set at any de- 
sired angle to Cy though the axes of T and C always remain in a 
horizontal plane and intersect in the axis of rotation. Within T 
are two cross hairs, one vertical, the other horizontal, adjusted to 
intersect in the axis of the telescope. The vertical cross hair is 
parallel to the axis of rotation. 

Before the objective swings an extra lens which, when down, 
converts the telescope into a weak microscope, and brings the crys- 
tal into focus. When raised the crystal is out of focus, the tele- 
scope now being focused upon the light. 

The crystal carrier is shown between the telescopes. The 
crystal is attached by wax to the plate at /. The extra lens is 
dropped and the crystal raised, or lowered, into the field by un- 
clamping d. The desired edge is then successively tipped into 
vertical position by the two circular arcs below /, and centered, 
that is made to coincide with the vertical cross hair, by the sliding 
motions produced by the screws ;/ and o. 

During centering one of the centering slides should be placed 
at right angles to the telescope axis while the crystal edge is made 
coincident with the vertical cross hairs. The other centering 
slide should then be placed at right angles to the telescope axis 
and the coincidence again produced and this repeated until, during 
a rotation, the edge and vertical hair appear to be one, and on 
raising the extra lens the image of the signal from either face is 
symmetrically bisected by the cross hairs. 

After centering the crystal edge the measurement is made as 
follows : 

The telescope is set at some convenient angle to the collimator 
(100 to 120 degrees) by unclamping G which is then reclamped. 
The screw a is then undamped, the graduated circle and crystal 
are turned together by the pilot-wheel/, until the reflected signal 
is seen through the telescope, then a is tightened, the signal 
moved by the tangent screw F until it is bisected by the vertical 
cross hair, as in Fig. 274, and the vernier is read and recorded. 
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The screw a is again loosened and the rotation continued until 
the signal is received from a second face, and this is centered by 
F and a and recorded as before and the difference between the 
two readings is the supplement angle. 

At least three measurements of any angle should be made and 
preferably with different portions of the p-,,. 

circle. For the second measurement ^^^.f^,^^^ 

when the signal from the second face is . 

centered the screw b is loosened and the /' ,-• y 

crystal alone is turned by the disk e until '. / 

the signal from the first face is centered. \\ ■ 

then i> is tightened and a loosened and ,' '^ jj 

the crystal and circle turned together as "^'^ *■ - - 

before. This is repeated before a third ^ t 

measurement. _-^ 

The fundamental necessity for good measurement • is a good 
crystal with bright smooth faces. This is more apt to be found 
among little crystals than large ones. During and before measure- 
ment the crystal must not be touched with the fingers but handled 
with pincers and should be carefully cleaned with chamois skin. 

■•For grMter detail in roeasuremriH see Ch«racteis of Crystals, by A. J. Moiu, 
Chapter V. 



CHAPTER X. 

CRYSTAL PROJECTION OR DRAWING. 

For description and illustration crystals are usually projected 
upon a vertical plane by parallel rays oblique to the plane of pro- 
jection. The eye is conceived to be at an infinite distance but a 
little to the right and above the center of the crystal. 

The figures obtained in this way have an appearance of solidity, 
all parallel edges are parallel in the projection and all points in a 
given line remain the same proportionate distances apart. 

Construction of Axial Cross/' 

A definite relation exists between the projected lengths and 
angles of the isometric axes and the angles of elevation and rota- 
tion to the right of the line of sight. 

The following table gives a series of projections, of which num- 
ber 3 has been used in preparing the figures in this book (see Fig. 

277)' 





Angles 


Foreshortened 


Approximate 




between projected 


lengths of axes for 


Proportionate 




AX€ 

AOC 
io8o 19^ 


JS. 


true length — i . 


Lengths. 




BOC 


OA 
.239 


OB 1 OC 

1 


OA 
29 


OB OC 


I 


92° 06^ 


.828 


•994 


100 120 


2 


no® 34' 


92° 23^ 


, .338 


.950 


.992 


36 


100 


105 


3 


116° 17^ 


93*^ 8^ 


.353 -950 


.986 


37 


100 104 


4 


96° zy 


90° ^Y 


, .333 


.944 


.998 


6 ; 17 1 18 


5 


133° 24" 


93° !»' 


! .324 


.973 


.973 


I 3 3 



Figs. 275, 276, 277, 278, 279 show these projections in order 
and the octahedron with each. 



Fig. 275. 



/ 
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\ 



/ 




Fig. 278. 




Fig. 279. 
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* ^t9^agonal Axial Cross, 

To construct the axial cross of a tetragonal crystal OA and OB 
^^ the isometric cross, Fig. 277, are unchanged but OC is multi- 
plied by the unit value c for the particular crystal. Thus if ^ = 0.64 
^^e half vertical axis is drawn sixty-four one-hundredths of the 
length of OC. 

Orthorhombic Axial Cross. 

The directions of OA, OB.OC, are unchanged. OB\s unchanged 

in length ; OA is multiplied by the stated unit value for d, and OC 

by the stated unit value for c. Thus in barite with d\ b\ r = 

0.815: i: 1.3 1 3 OB is unchanged, OA is made aproximatley 

eight-tenths of its isometric length and OC'\s made approximately 

one and one-third times its isometric length. 

Monoclinic Axial Cross. 

In this system one of the axes has a different inclination to the 
corresponding isometric axes. To obtain this direction in the per- 
spective proceed as follows : 

Upon the isometric axes AA, BB, CC, Fig. 280, lay off Or = OC 
cos ^ and On = OA sin ^. Complete the parallelogram OrDn ; 
then is DD the projection of a hne equal in length than an isometric 
axis but in the direction of the desired clino axis. 

OD is then multiplied by the value of a and OC by the value of 
r as in the orthorhombic. 

Fig. 280. 





Triclinia Axial Cross. 

In this, Fig. 281, the same method is carried further, for in- 
stance: The constants for axinite are d :b\c = o.^gi -. i : 0.479, 
« A ^ = /9 = gi° 52', b f\c==a=^2^ SV, .7 /x ^ = r = 131^ 39'. 
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Fig. 282. 




0^ 



Vertical Axis. — Make Oc =^ OC x A79- 

Macro Axis. — Make Oe = OB sin 131O 39', and Od= OA C^ 

131° 39'; complete the parallelogram dOeti. ^Make (9r= On^i^ 

82° 54' and Ox= OC cos 82° 54'; complete the parallelograr^ 

rOxb. Then is Ob the projection of one-half the desired axis. 

Brachy Axis. — Make 0/= OC cos 91° 52', and (9/= OA sin 

91° 52'. Complete the parallelo- 
gram pOlt \ make Oa = 0.492 = {?/; 
then is Oa the projection of one-half 
the desired axis. 

Hexagonal Axial Cross. 

The proportionate value of c is laid 
off on CC^ and the basal axes are 
derived as follows : Fig. 282. 

Make Op = OA x 1.732 ; draw 
pB and pB^; bisect Op by a line par- 
allel to BB^; then are OB, Oa and Oa^ 
the projections of desired semi-axes. 

Determination of the Direction of Edges. 

The unit form is obtained by joining the extremities of the 
axial cross by straight lines, and other simple forms are easily 
drawn by methods which suggest themselves ; for instance, the unit 
prism by lines through the terminations of the basal axes parallel 
to the vertical axis. It is always possible, also, to obtain two 
points of any edge by actually constructing the two planes and find- 
ing the intersection of their traces in two axial planes. The method, 
however, is cumbersome. 

In all systems the projected intersections of any planes may be 
simply found by the following method : 

After obtaining the axial cross of the crystal, every plane on 
the crystal is assumed to be moved parallel to itself until it cuts 
the vertical axis c at unity ; the new planes all pass through the 
extremity of c and that point is therefore common to all lines of 
intersection. 

Another point of each line or direction of intersection will be 
the intersection of the traces of the two planes on the plane of the 
basal axes. If the symbol of each plane is reduced until ^= I, 
the values of the intercepts on a and b result, and the traces of the 
planes arc thus found and the desired points are the intersections 
of these traces. 
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The method will be sufficiently illustrated by following in detail 
^ne construction for the intersections of /, y and / of the topaz 
crystal, Fig. 284. 

In Fig. 283, AA, BB and CC form the projected axial cross of 
^^paz. The faces /, y and / are respectively 2a\b \ oor, 00a \b\ ^ 

Fig. 283. 




Fig. 284. 



and a\b \c. If these are moved each parallel to itself until they 
intersect c at unity their symbols (obtained by dividing by the 
coefficients of c in each case) will be oa\ob\Cy o^^ci', }(b:c, a\b\c. 

Their traces upon the plane AOB, 
Fig. 283, will be therefore respectively : 

For /, the line LL through the center 
but parallel to its former position at 
which it cut at 2a and b. 

Yox y, the FF parallel A A and inter- 
secting at one-fourth b. 

For / the line AB intersecting at a 
and b. 

The lines LL and YY intersect at S ; 
therefore SC is the direction of intersec- 
tion of /and J. 

The lines LL and AB intersect at L ; therefore Z C is the direc- 
tion of intersection of / and /. 

All other intersections may be obtained in the same manner on 
any axial cross. 
Construction of the Figure. 

The edge directions thus found are now to be united in ideal 
symmetry, yet so as to show, as far as possible, the relative de- 
velopment of the forms. 

A second axial cross is drawn parallel to that used in determin- 
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ing the edge directions and these are transferred by triangles, care 
being taken that all corresponding dimensions are in their proper 
proportions and in accord with the planes of symmetry, Grcn- 
erally it will be best to pencil in and verify the principal forms and 
later, to work in the minor modifying planes. 

The back (or dotted) half of most crystals can be obtained by 
marking the angles of the front half on tracing paper, turning the 
paper in its own plane i8o° and pricking through. This is also a 
test of accuracy, for the outer edges, angle for angle, should coincide- 

Spccial Construction with Isometric Simple Forms. 

The vertices of all solid angles in isometric forms are either points on tie crystallo- 
graphic aiis, or points on llie diameter £ connecting (he centers of the opposite edBCS 
of (he octahedron. P'ig. 2S5. Or finally upon the diameters / contiectiDg the center* 
ofoppodle laces of the octahedron, tig. 2S6. 

Fic. 285, Fii;. 286. 




Diameter F. 

desired are obtained by lengthening thedi»'** 
ind zS6 by the proportions obtained by the *'" ' 



).(« + „) 



iHireasi E = 



nstaocc, the bcnoctahedron 




I o : 30, shown in Fig. 26, as the valiiet " ^=^ 

/« ■™.. /-■- ^-<^5 X ? - (3 + !J_ 1 
3Xl + (3 + ;') * 

As illustrated in Fig. 287, the diameters F nonoally K*" 
niinaling at the points O. have been extended J, and tb^ 
diameters A' normally terminating at the pmnls JF, ba'* 
liecn extended i., and the resulting points connected by 
lines forming the fi(;ure. 
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Twin Crystals. 

To find the axes of the form which is in reverse position, the fol- 
lowing construction may be used. 

Let OA,OB,OC, Fig. 288, be the axial cross of the normal crystal 
and IIKL the twinning plane. To find first the point Z at which 
the normal from cuts HKL, draw H'L and HIJ parallel AC 
and draw KL" and K' L parallel BC. Complete the parallelograms 
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OH' ML- and OK'NL" and draw their diagonals aWand (9/Vand 
from the intersections of these with HL and LK draw RK and SH 
respectively; their intersection is the desired point Z. 

Prolong OZtiW ZO'=OZ, then is O' the center of axes for the 
second cr>'stal and, as the face HKL is common, 0' H, O'A'and 
O'L arc in direction and length are the coordinates of this face on 
the new axes. 

The unit lengths will be found by drawing AA' , BR' and CC 
parallel to O'Z. 

All constructions on the axes of the second crystal follow the 
rules previously given. 
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BLOWPIPE ANALYSIS. 

CHAPTER XI. 
APPARATUS, BLAST, FLAME, El 



Blowpipe. 

The best form of blowpipe (Fig. 289) consists of: 

1. A tapering tube of brass or German silver 
( /V ). of a length proportionate to the eyesight of the 
u.ser. 

2. A horn or hard rubber mouthpiece {C) at 
the larger end of tlie tube ; which is best of trum- 
pet-shape to fit against the lips. 

3. A moisture chamber (A) at the smaller end of 
the tube connected by ground joints to 

4. A tapering jet {(4) at right angles to the moisture 
chamber. 

5. A tip of platinum or brass (c), shown enlarged, 
which should be bored from a solid piece, and 
with an orifice of 0.5 millimeter diameter. The 
lip is by far the most important part of the blow- 
pipe, and. if correctly made, the flame produced 

will be perfectly regular and will not 

■^^^ flutter. 

^^^^ When not in use the blowpipe should 

be so placed that the tip b supported 
free from contact. If the tip is clogged 
by smoke or otherwise it should be 

^^^^^ burned out or cleaned with the greatest 
" care so as not to injure the regular form 



of the orifice. 
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Gas Blowpipe. 

For most purposes the gas blowpipe, Fig. 290, is a convc 
form and is extensively used. The flame is not quite so It 

Fk;. 290. 



t 




that from rape-seed oil, but is sufficient to round the edges of ^ 
calamine splinter. Oxidation and reduction are easily obtained 
and the cleanliness and ease of control cause it to be preferred by 
many. The ordinary blowpipe can be made into a gas blowpipe 
by means of an attachment to connect to the moisture chamber. 

Blowpipe Lamps. 

Bunsen Burner. — The simplest form of lamp for laboratory pur- 
FiG. 291. Fig. 229. 





poses is the ordinary Bunsen burner. Fig. 291, using gas and fur- 
nished with a special top or an inner tube (^), shaped to spread 
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the flame. When used with the blowpipe the orifices {b) at the 
bottom of the burner should be closed, so that no air enters with 
the gas. A flame about 4 cm. high gives the best results. 

The hottest flame and greatest variations in quantity and quality 
^•f flame are obtained from oils rich in carbon, such as refined rape- 
st-'t;d, or olive or lard oil, or from mixtures of turpentine and alco- 
"<^1- These can be used in the field and where gas is not available. 
I" some kinds of blowpipe work they are to be preferred to gas, 
t^ut will not serve for bending glass or for heating without the 
blowpipe. 

PiTziiiiis Lamp. — A lamp with two openings, Fig. 292, is gen- 
erally used for oil. 

The wick should be soft, close-woven and cylindrical, sucli as 
's used with Ai^and lamps. It should be folded and inserted with 
the opening toward the lower side of the brass holder. 

To fill the lamp both caps are removed and the oil poured in 
through the smaller orifice. During work, the smaller cap is hung 
on the vertical rod ; the larger is placed over the smaller orifice 
loosely, keeping out the dust, but admitting the needed air. 

The lamp is lighted by blowing a flame j ^^ ^^^ 

up and across the wick. When well 
charred, the wick is carefully trimmed 
I)arallel to the brass holder. 

Flitchcr Lamp. — The I'lctcher blow- 
pipe lamp. Fig. 293, gives good satisfac- 
tion, and a modified form, burning .solid 
fats, tallow or paraffine, is cspcciallj 
adapted for field work. 

Supports of Charcoal, Plaster, Etc. 

Cliarcoal. — Charcoal made from soft woods sui-h as «ilIow or 
pine, is used to support the substance and recei\t- anj coits or 
sublimates that may form, and, in a measurt is a reducmg agLnt. 
A convenient size is 4 inches long, i inch broad and "'a inch thick. 

Plaster. — Plaster tablets are used for the same purpose. These 
are prepared by making a paste of plaster of Paris and water, just 
thick enough to run, which is spread out upon a sheet of oiled 
glass and smoothed to a uniform thickness ( M" to ].{") byanother 
smaller sheet of glass, which may be conveniently handled by gum - 
ming a large cork to one side and using it as a plasterer's trowel . 
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While still soft, the paste is cut through with a knife into uniforni 
slabs, 4" by i^^". It is then dried, after. which the tablets are 
easily detached. 

Aluminum a?id Glass. — Ross used supports of aluminum plate 
and recently Goldschmidt has recommended catching the sub- 
limates on glass plates upon which they can be microscopically 
examined or submitted to wet treatment. 

Miscellaneous Apparatus : 

Each student should have at his desk, in addition to blowpipe, 
blowpipe-lamp, charcoal and plaster : 

Forceps, with platinum tips for fusion tests. The most con- 
venient form is shown, Fig. 294, the platinum ends projecting at 
least three -fourths of an inch. 

Fig. 294. 





Fig. 295. 



Platinum Wire and Holder. — Wire of the thickness of about 
24 Am. standard wire gauge. The handle for holding this is 
sometimes only a short piece of small glass tubing, into the end of 

which the wire is fused. A holder in which the 
wires can be changed and with a receptacle for a 
stock of wires, is more convenient. 

Reagent Bottles. — Four 2-oz. wide-mouthed 
bottles ; for borax, soda, salt of phosphorus, and bis- 
muth flux will be needed at all times. It is better 
to have at least eight such bottles in a convenient 
stand. 

Anvil. — Slab of polished steel, about li" by \h" 
by^/'. 

Hammer. — Steel, with square face, S" or i". As 
in Fig. 295. 

Closed Tltjes or Matrassfjs. — 
Cupel Holder and Cupels, for silver determi- 
nation. 
Less essential arc : 
Bar magnet, with chisel edge. 
Trays, for dirt and for charcoal. 
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Lens, knife, and watch glasses. 

Blue and green glasses. 

Steel forceps and lamp scissors for trimming wick. 

Cutting pliers, for cutting bits from minerals to be tested. 

Agate mortar and pestle. Can be obtained ij'^ in diameter. 

Small porcelain dishes, ivory spoon, dropping tube. 

BLAST AND FLAME. 

The Blast. 

The blast is produced by the muscles of the distended cheeks, 
and not by the lungs. 

It is best to sit erect, with the blowpipe held lightly but firmly 
in the right hand, and with the elbows against the sides. Then, 
with the cheeks distended and the mouth closed, place the' mouth- 
piece against the lips, breathe regularly through the nose, and 
allow air to pass into the pipe through the lips. 
From time to time, as heeded, admit air to the '^'. ^^ ' 

mouth from the throat. In this manner a contin- 
uous blast can be blown without fatigue, after learn- 
ing, by practice, to breathe through the nose while 
keeping the cheeks continually distended. 

The Flame. 

A LUMINOUS FLAME (Fig. 296) usually shows 
three distinct portions. 

1. A very hot non-luminous veil, a, of carbon 
dioxide and free oxygen. 

2. A yellow luminous mantle, b, of burning gases 
and incandescent carbon. 

3. An interior dark cone, c, of unburned gases, not always 
visible. 

Oxidation and Oxidizing Flame. 

The oxidizing flame is non-luminous, for luminosity indicates 
unconsumed carbon, and hence a more or less strongly reducing 
action. 

To produce such a flame, place the tip of the blowpipe almost 
touching the top of the burner, or the wick, and, extendini^ 
in J/^ the breadth of the flame, blow parallel to the burner 
top or wick until there is produced a clear blue flame nearly 
an inch long. This blue flame is itself weakly reducing. 
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but just beyond at a (Fig. 297) is an intensely hot, nearly 
colorless zone, which is strongly oxidizing, and the bead is fttX^ 

Fig. 297. 




I'i<;. 298. 

O 



,0 

t. 



in this usually as far from the tip of the blue flame as the bead 

can be kept fluid. If the substance to be oxidized is supporte<i 

on charcoal, a weak blast must be used. 

-J 

With the gas blowpipe all that is necessary is to avo»o 
an excess of gas. The blue flame is, as before, sU^* 
rounded by the oxidizing colorless mantle. 

Testing Purity of Oxidizing Flame, — A loop, Fig. 29 
about 3 mm. in diameter, is made in platinum wire ^^ 
bending it around a pencil point, or with the forceps, ^ 
that the end meets but does not cross the straight p^^ 
This loop is heated and dipped into the flux, and t:* 
portion of flux that adheres is fused to a clear be.^^ ^ 
more being added until the bead is of good full shap^^ ^ r 
Molybdic oxide, MoO.j, is then dissolved in the bead at the tip 
the blue flame, giving a brown to black bead from producti 
of MoO^ but, if moved to a. Fig. 297, the color is readily t 
moved by the reoxidation of the IVIoO. and the bead made colc^ 
less. 

Reduction and the Reducing Flames. 

To blow the yellow reducing flame, Fig. 299, place the tip of tl''* 
blowpipe one-eighth of an inch above and back of the middle ^ 
the flame, blow strongly parallel to the burner top or wick, aii^ 
turn the entire flame in the direction of the blast. 

The blast must be continuous ; too strong to produce a sooty 
ll.uiic, and not strong enough to oxidize by excess of air. 

Winn the llux i^ salt of pliosj^lioru-;, the wire should be held over the flame so thai 
tlie ascending hot gases will help to retain the flu\ upon the wire. 
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•lue flame also is reducing because of the carbon monoxide 
ns, but the quantity is not large enough to be generally 

Fig. 299. 




the gas blowpipe reduction is obtained by using a larger 
d inserting tlK' bead within the blue ; or with large excess 
yellow reducing flame may be obtained. 
ij' Purity of Reducing Flame. — Manganese dioxide, MnOj, 
ved in a borax bead in the oxidizing flame ; if only a little 
he bead is violet red when cold, and may be made color- 
lie reducing flame. Or cupric oxide or oxide of nickel may 
Ived in a borax bead until the bead is opaque, and then 
on charcoal to a clear bead and a metallic button. 



CHAPTER XII. 

OPERATIONS OF BLOWPIPE ANALYSIS. 

Fusion. 

The hottest portion of the flame is just beyond the tip of the bl^^ 
flame. In some instances, noticeably certain iron ores, substances 
infusible in the oxidizing flame are fusible in the reducing flame. 

The test will be differently made, according to the material. 

(a) If metallic or reducible, treat in a shallow hole on charcoal, 
using a fragment of the substance the size of a pin's head. 

(6) If stony or vitreous, treat a small sharp-edged fragment in 
the platinum forceps, at the tip of the blue flame, directing the 
flame upon the point. 

{c) If in powder, or with a tendency to crumble, grind and mix 
with water to fine paste, spread thin on coal and dry, and, if cohe- 
rent, hold in the forceps. If not coherent dip a moistened platinum 
wire in the powder, and treat the adhering powder in the flame. 

There will be noted both the degree of fusibility and manner of 
fusion. 

The degree of fusibility is stated in much the same way as the 
hardness by comparing it with a scale of fusibility. It is gener- 
ally, however, sufficient to class a mineral as simply easily fusible, 
fusible, difficultly fusible, or infusible. For purposes of compari- 
son, the following scale, suggested by v. Kobell, is usually 
adopted : 

1. Stibnitc^ coarse splinters fuse in a candle flame. 

2. Natrolitc, fine splinters fuse in a candle flame. 

3. Garnet (Almaudite)^ coarse splinters easily fuse before the 
blowpipe. 

4. Actiiiolitc, coarse splinters fuse less readily before the blow- 
pipe. 

5. OvtJiocla$i\ only fused in fine splinters or on thin edges before 
the blowj)ipe. 

6. Calamine, finest edge only rounded in hottest part o( flame. 

7. Quartz, infusible, retaining the edge in all its sharpness. 
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il should always be made on small and fine pointed frag- 
^enfield recommends using a standard size about i mm. 
;r and 4 mm. long. The fragment should project beyond 
um as in Fig. 300. so 
may not be drawn off ^^^' ^^^■ 

atinum, and the flame 
jpecially upon the point. 
ys well to examine the 
ith a magnifying glass, 
d after heating, to aid 
1 determining whether 
have or have not been 
►y the heat. 

'Hficr of fusion may be 
result in a glass or slag 

lear and transparent, or white and opaque, or of some 
illed with bubbles. There may be a frothing or intu- 
or a swelling and splitting (exfoliation). In certain in- 
e color and form may change without fusion, etc. 

Flame Coloration. 

the fusion test the non-luminous veil is sometimes un- 
but it is often enlarged and colored by some volatilizing 
t. There is frequently a bright yellow coloration due to 
Its, but this givTs place to the color proper, 
lie is best seen in a dark room or against a black back- 
uch as a piece of charcoal, and is often improved by 
•ric acid and occasionally by other reagents, 
lements color the flame best at a gentle heat, others only 
hest heat attainable. A good method to cover all cases 
he end of a flattened platinum wire first in hydrochloric 
hen in the finely powdered substance and hold it first in 
: flame near the wick and then at the hottest portion at 
the blue flame. It is possible in this way to obtain two 
mes such as the red of calcium and the blue from cop- 
de. 

lors can also often be seen to decided advantage by 
Iding the wire in the non-luminous flame of a Bun.sen 
even in the flame of an alcohol lamp, 
ests for Ca, Sr and Ba are not usually obtainable from 
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The important flame colorations are : 

Yellows. 

Yellow. — Sodium and all its salts. Invisible with blue gla^-^- 

Reds. 

Carmine. — Lithium compounds. Masked by soda flame. ViO" 
let through blue glass. Invisible through green glass. 

Scarlet. — Strontium compounds. Masked by barium flam^ 
Violet red through blue glass. Yellowish through green glass. 

Yellowish. — Calcium compounds. Masked by barium flame- 
Greenish gray through blue glass. Green through green glass. 

Greens. 

Yellowish. — Barium compounds, molybdenum sulphide and 
oxide ; borates especially with sulphuric acid or boracic acid flux. 
Pure Green. — Compounds of tellurium or thallium. 
Emerald. — Most copper compounds without hydrochloric acid. 
Bluish. — Phosphoric acid and phosphates with sulphuric acid. 
Feeble. — Antimony compounds. Ammonium compounds. 
Whitish. — Zinc. 

Blues. 

Light. — Arsenic, lead and selenium. 
Azure. — Copper chloride. 

With Green. — Copper bromide and other copper compounds 
with hydrochloric acid. 

Violet. 

Potassium compounds. Obscured by soda flame. Purple red 
through blue glass. Bluish green through green glass. In sili- 
cates improved by mixing the powdered substance with an equal 
volume of powdered gypsum. 

USE OF THE SPECTROSCOPE. 

When salts of the same metal are volatilized in the non-luminous 
flame of a Bunsen burner the spectra produced on decomposing the 
resultant light by a prism will show lines identical in color, number 
and relative position. Salts of different metals will yield different 
lines. 

Although, with pure salts, the already described flame color- 
ations are generalh' distinct and conclusive, it will frequently hap- 
pen that in silicates or minerals containing two or more reacting 
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substances the eye alone will Tail to identify the flame coloration. 

j( is well therefore to supplement the ordinary flame tests by 

jpectroscopic observation. In the blowpipe laboratory the chief 
use of" 'lie spectroscope will be to identify the metals of the potas- 
siuin ^i^^ calcium families singly 
jj, ni*''t'J'*^s. For this purpose the 
jjijcct vision spectroscope of HofT- 
nian. Fig. 301, is perhaps the most 
convenient. 
Xl>c substance under examination 

should be moistened with hydro- 

cKloric add and brought on a plati- 

iiuniH'irc into the non-luminous flai 

of ihe Bunsen burner as in the ocdi- 

narj' flame test. In viewing the flame 

through the properly adjusted spec- 

iroscopc certain bright lines will be seen, and by comparing these 

H7tJi the chart, Fig. 304, or with substances of known composition, 

the nature of the substance may be determined. The sodium line 

Kill almost invariably be present and tlie position of the other 

fines will be best fixed by their situation relative to this bright 

ycIIo%v line. 

The more ordinary form of spectroscope, Fig. 302, has spedal 
advantages in allowing an easy comparison of flames. A is the 



Fiii 301. 

T 




i**ser-vation telescope, B the collimator through which the light 
ir«»m the flames .1/and M' is sent as parallel rays through the prism 
" *o the telescope A. The third telescope C sends the image of 
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Fi" 30J. a micrometer scale to A by which the retativ 

vi^^ distance apart of the lines is judged. 

JBiM^ Fig. J02 shows an enlarged view of the 

"^^^■Bf 1 coltimaior A'. By means of the little tect- 

£■ ^^atl a^gul'ir prism ( the light from a second flame 

I ^K I // placed at one side Is sent through the colli- 

B I I mator and its spectrum obtained side by side 

with tliat from the flame G. 
In this manner the spectrum of an unknown substance may be' 
compared with that of one of known composition and if lines 
Fic, 304- 
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the unknown coincide with those of the known substance the 
entity of at least one of its constituents is established. 

The chart (Fig. 304) and brief description of spectra of substances 
iving distinct lines with the Bunsen flame will be of service. 

otassium — two red lines and one violet line. 

ODiiM — a single bright yellow line, which with higher dispersion 
is resolved into two lines. Almost always present from the 
small amounts of sodium in dust. 

iTHiuM — one very bright deep red line and a faint line in the 
orange. 

"RONTiUM — ^a number of characteristic red lines and one blue line. 

lLCIUM — a bright red, and a bright green line, with fainter red to 
yellow lines and a line in the violet. 

.RIU.M — a number of yellow and green lines. 

;bidium — two violet and two red lines with several less prom- 
inent lines in the orange, yellow and green. 

BSiUM — ^two distinct blue lines and one orange line. 

lAJLLiUM— one characteristic green line. 

DiUM — an indigo blue line and a violet line. 

Volatilization. 

In blowpipe analysis, antimony, arsenic, cadmium, zinc, tin, 
.d, mercury and bismuth are always determined by securing 
blimates of either the metals themselves or of some volatile 
ide, iodide, etc. 

Other elements and compounds, such as sulphur, selenium, tel- 
-ium, osmium, molybedenum, ammonia, etc., are also volatilized 
d in part determined during volatilization as odors or by sub- 
lates. Certain other compounds, particularly chlorides of sodium 
d potassium and of some other metals, such as copper, tin and 
id, yield sublimates ordinarily disregarded. 
Volatilization tests are commonly obtained on charcoal, or 
ister or in open and closed tubes. 

Treatment on Charcoal. 

A shallow cavity, just sufficient to prevent the substance slip- 
ig, is bored at one end of the charcoal and a small fragment or 
^ery little of the powdered substance is placed in it. The char- 
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coal is ht:]d in tlic left hand, so that the suiiacc is at riglit angle 
to the lamp but tipped vertically at about 130" to the direction a 
which the flame is blown. 

A gentle oxidizing flame is blown, the blue flame not tduchin 
the siibsttncc, but being just behind and in a line with it. After 




few moments the ttst is crammed and liW changes arc noted, such 
as position and color of sublimates, color changes, odors, decrepi- 
tation, deflagration, formation of metal globules or magnetic [>arti- 
cles. The heat is then increased and continued as long as the 
same reactions occur, but if, for instance, a sublimate of new color 
or position is obtained, it is often well to remove the first subli- 
mate either by transferring the substance to anotlier piece of char- 
coal or by brushing away the first formed sublimate after its satis- 
factory identification. 

The same steps should then be followed using the reducing 
flame. 

The sublimates differ in color and position on the charcoal ; some 
are easily removed by heating with the oxidizing flame, some by 
the reducing flame, some arc almost non-volatile, and some im- 
part colors to the fl,inic. 



Treatment on Plaster Tablets 

Experience has shown that the sublim.ites obtained on charcoal I 
and plaster supplement each other. The method of using is pre- I 
cisely the same, and white sublimates are easily examined by first I 
smoking the plaster surface by holding it in the lamp flame. 

The coatings differ in position, and to some extent in color. I 
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Plaster is the better conductor, condenses the oxides closer to the 
assay, and therefore, the more volatile coatings are thicker and 
more noticeable on plaster, while the less volatile coatings are 
more noticeable when spread out on charcoal. Charcoal supple- 
ments the reducing action of the flame, and therefore is the better 
support where strong reduction is desired. 

Comparison of Important Sublimates on Charcoal and 
Plaster.* 

I. Without Fluxes. — Treated First in O. F.. then in R. F. 

Arsenic. — White volatile coat. On smoked plaster it is crystal- 
line and prominent ; on charcoal it is fainter and less distinct, but 
the odor of garlic is more marked. Deposits at some distance 
from assay. Fumes invisible close to assay. 

ANTi.woNi'. — White pulverulent volatile coat, more prominent on 
charcoal. Deposits near assay and fumes are visible close to assay 
after removal of flame. 
Selenium. 

On Charcoal. — Horse- radish odor and a steel-gray coat. 
On Plaster. — Horse-radish odor, brick-red to crimson coat. 
Tellurium. 

On Charcoal. — White coat with red or yellow border. 
On Plaster, — Deep brown coat. 
Cadmium. 

On CItarcoal. — Brown coat surrounded by peacock tarnish. 
On Plaster. — Dark brown coat shading to greenish-yellow 
and again to dark brown. 

MoLvuBENUM. — Crystalline yellow and white coat with an outer 
circle of ultramarine blue. Most satisfactory on plaster. 

Lead. — 1 Yellow sublimate with outer fringe of white. More 
Bismuth. — / noticeable on charcoal than on plaster. 
Zisc. — White, not easily volatile coat, yellow while hot. Best 
on charcoal. 

Tin. — White non-volatile coat close to assay, yellowish while 
tot. Best on charcoal. 

* Calain compounds give white coatmg before the blowpipe which at times cuue 
coabuioa. Notably amonf; Ihese are many chlorides aod ihc sulphate of lead. Amone 
nin«nU, galena aod other lead sulphides give a white sublimate which must not 
be coafused with ancnic oi Mitimony coals. 
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II. With Bismuth Flux.* 

Lead. 

On Plaster, — Chrome yellow coat. 

On Charcoal. — Greenish -yellow, equally voluminous coat. 
Bismuth. 

On Plaster, — Chocolate-brown coat, with an underlying sea- 
let; with ammonia it becomes orange-yellow, and later cherry-r 

On C/iarcoaL — Bright red band with a fringe of yellow. 
Mercury. 

On Plaster, — Scarlet coat with yellow, but if quickly heated is 
dull yellow and black. 

On Charcoal, — Faint yellow coat. 
Antimony. 

On Plaster. — Orange coat stippled with peach-red. 

On Charcoal,— Fdi'int yellow coat. 
Arsenic. 

On Plaster. — Yellow and orange coat, and not usually satis- 
factory. 

On Charcoal. — Faint yellow coat. 
Tin. 

On Plaster. — Brownish-orange coat. 

On Charcoal, — White coat. 
The following tests show only on the plaster : 
Selenium. — Reddish-brown, nearly scarlet. 
Tellurium. — Purplish-brown with darker border. 
Molybdenum. — Deep ultramarine blue. 

III. With Soda (Sodium Carbonate or Bicarbonate). 

Soda on charcoal exerts a reducing action partly by the forma- 
tion of sodium cyanide, partly because the salts sink into the char- 
coal and yield gaseous sodium and carbon monoxide. The most 
satisfactory method is to mix the substance with three parts of the 
moistened reagent and a little borax ; then spread on the char- 
coal and treat with a good reducing flame until everything that 
can be absorbed has disappeared. Moisten the charcoal with water, 
break out and grind the portion containing the charge. Wash 
away the lighter part and examine the residue for scales and 
magnetic particles. 

* Two parts of sulphur, one part of potassium iodide, one part of acid poUssium. 
sulphate. 
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The reduction may result in: 

1 . Coating, but no reduced metal. 

Volatile white coating and garlic odor, . , As, 
Reddish-brown and orange coating with characteristic 

variegated border Cd. 

Non-vo!atile coating, yellow hot and white cold, , . Zn. 

Volatile steel-gray coating and horseradish odor, . Se. 

Volatile white coating with reddish border, . Te. 

2. Coating ^vith reduced metal. 

Volatile thick while coating and gray brittle button, . Sb, 
Lemon-yellow coaling and reddish- white brittle button, Bi. 
Sulphur-yellow coating and gray malleable button, . Pb. 
Non-volatile white coaling, yellow hot, and malleable 

white button, ....... Sn, 

White coating, made blue by touch of R. F., and gray 

infusible particles , Mo, 

J. Reduced metal only. 

Malleable buttons. . . , . Cu, Ag, Au. 

Gray magnetic particles, . Fe, Co, Ni. 

Gray non-magnetic infusible particles, W, Pt, Pd, Ir, Rh. 

Tiie carbonate combines with many substances forming both 

fusible and infusible compounds. Many silicates dissolve with a 

/I'ttle of the reagent, but with more are infusible ; a few elements 

iorm colored beads with the reagent, especially on platinum. 

The residue left after healing may contain malleable metallic 
'3cls of copper, lead, silver, tin or gold. It may consist of a 
'ttlc easily fusible button of bismuth, antimony, or the sulphide, 
fsetiide or antimonidc of some metal. It may be magnetic from 
' presence of iron, cobalt or nickel or it may show an alkaline 
■crtion, when touched to moistened red litmus or turmeric paper, 
*i»cating the presence of some member of the potassium or cal- 
**«Ti group of metals. 
-ff^usibU Compounds.—U^, Al. Zr, Th. Y. Gl. 
•fusible Compounds. — SiO, effervesces and forms a clear bead 
^t remains clear on cooling if the reagent is not in excess. 

TiO, effervesces and forms a clear yellow bead, crystalline and 
i^aque on cooling : 
WO, and MoO, effervesce but sink in the charcoal. 
Ba, Sr, Ta, V, Nb sink into tlie charcoal. 
Ca fuses, then decomposes, and the soda sinks into the charcoal- 
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Colored Beads, — Mn forms a turquois or blue-green opaque 
bead with soda on plantinum wire in oxidizing flame. 

Cr forms a chrome-yellow opaque bead with soda on platinum 
wire in oxidizing flame, which becomes green in reducing flame. 

Sulphur Reaction. — If a little of the residue, with some of the 
charcoal beneath, is taken up upon the point of a knife and placed 
upon a wet silver coin, the coin will be blackened if sulphur was 
present as a sulphide. Sulphates and other sulphur compounds 
will al^o give the same reaction after thorough fusion. The test 
should always be made on a fresh piece of charcoal. 

IV. With Metallic Sodium. 

Reducing effects which are obtained with soda only by hard 
blowing may be accomplished by the use of metallic sodium im- 
mediately and with the greatest ease. The metal should be 
handled carefully and not allowed to come in contact with water. 
It should be kept in small tightly closed bottles, and if kept cov- 
ered with naphtha, which is not necessary, care should be taken 
that the the naphtha is not exposed to fire. 

A piece of sodium about the size of an ordinary borax bead is cut 
off* with a knife and hammered out flat. The powdered substance 
is placed upon the sodium, pressed into it and the whole moulded 
into a little ball with a knife blade. This sodium ball should na^ 
be touched with the fingers, for if some oxides are present, such a^ 
lead oxide, spontaneous combustion may take place. Afte^^ 
placing the sodium ball on the charcoal it should be touched care-" 
fully with a match or with the Bunsen flame. A little flash ensued 
and the reduction is accomplished. The residue can now be safely' 
heated with the reducing flame of the blowpipe, any reduced meta.1 
collected together and the sodium compounds volatilized or ab-' 
sorbed by the charcoal. When present in sufficient quantity, bead^ 
of the malleable metals can be obtained immediately from almost^ 
any of their mineral compounds ; metals like zinc and tin whicl^^ 
require reduction before volatilization yield their sublimates withu 
comparative ease ; and if a little of the charcoal beneath the assay" 
is placed on a wet silver coin the sulphur reaction will be obtained 
if sulphur was present. 

In general the results are the same as outlined for soda but are 
much more easily secured. 

Even silica, silicates, borates, etc., are reduced but are generally 
identified by other means. 
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These reactions are not successful on plaster tablets on account 
of their non-absorbent character. 



Fig. 306. 



Tests in Closed Tubes and Matrasses. 

The matrass is practically a glass tube closed at one end and 
blown to a bulb. In most cases better results are secured by 
using a plain narrow tube about 4 inches 
by ]^ inch and closed at one end. The 
usual purpose is to note the effects of 
heat without essential oxidation ; they 
are also used for effecting fusions with 
such reagents as KHSO^ or KCIO3. 

Enough of the substance is slid down 
a narrow strip of paper, previously in- 
serted in the tube, to fill it to the height 
of about one-half inch ; the paper is with- 
drawn and the slightly inclined tube 
heated at the lower end gradually to a 
red heat. Fig. 306. The results may 
be: evolution of water, odorous and non- 
odorous vapors, sublimates of various 
colors, decrepitation, phosphorescence, fusion, charring, change 
of color, magnetization, etc. 

Add or alkaline moisture in the upper part of tube, . 
Odorless gas that assists combustion (nitrates, chlorates 

and per oxides), ....... 0. 

Pungent gas that whitens lime water, .... CO 




H,0. 



Odors. 

Odor of prussic aid, 

Odor of putrid eggs, 

Odor that suffocates, fumes colorless, bleaching action, 

Odor that suffocates, fumes violet I.* 

fumes brown, .... Br. 
fumes greenish yellow, . . CI, 
fumes etch the glass, . . F. 

Odor of nitric peroxide, fumes reddish-brown, . NO,. 

Odor of ammonia, fumes colorless or white, . . NHj.f 



CN. 
SO,. 



*I} Br, Qy ^F and N^O^ are assisted by mixing substance with acid potassium 
nlphate. tNHj, Hg, As, Cd are assisted by mixing with soda. 
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Sublimates. 

Sublimate white, fusing yellow, . . . . 

fusing to drops, disagreeable odor, 
and volatile, . 
yellow hot, infusible, 
yellow hot, fusible, 
fusible, needle crystals, 
volatile, octahedral crystals, 
fusible, amorphous powder, 
Sublimate mirror-like, collects in globules, 

does not collect in globules. 
Sublimate red when hot, yellow cold. 
Sublimate dark red when hot, reddish-yellow cold, 
Sublimate black when hot, reddish-brown cold. 
Sublimate black, but becomes red when rubbed, 
Sublimate red to black, but becomes red when 

rubbed, 

Color of substances changes 

from white to yellow, cools yellow, . 

from white to yellow, cools white, . 

from white to dark yellow, cools light yellow, 

from white to brown, cools yellow, . 

from white to brown, cools brown, . 

from yellow or red to darker, after strong heat 

cools green, .... 
from red to black, cools red, • 
from blue or green to black, cools black. 



PbCl,. 

Os. 

NH, (salts). 

HgCl. 

HgCl,. 

Sb,0,. 

ASjOg. 

TeO,. 

Hg. 

As,Cd,Tc. 

S. 

As,S,. 

Sb,S,. 

HgS. 

Se. 



PbO. 

ZnO. 

Bi,0,. 

SnO,. 

CdO. 

Cr.O,. 

FeA. 
CuO. 



Tests in Open Glass Tubes. 

Fi^- 307- By using a somewhat longer 

tube, open at both ends and 
held in an inclined position, a 
current of air is made to pass 
over the heated substance, and 
thus many substances not vola- 
tile in themselves absorb oxy- 
gen and release volatile oxides. 
The substance should be in 
state of powder. 

Place the assay near the lower 
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SOj, indicating S. 
SeO,. 

AsA. 



d of the tube and heat gently, Fig. 307, and then strongly, in- 
easing the air current by holding the tube more and more nearly 

rtical. 

dor that suffocates, bleaching action, 

lor of rotten horseradish, 

lor of garlic, 

blimate white volatile octahedral crystals, AsjOj, 

blimate white partially volatile, fusible 
to yellow drops, pearl gray cold, 

blimate white non-volatile powder, dense 
fumes, ...... 

blimate white non-volatile powder, fu- 
sible to colorless drops, 

[blimate white non-volatile powder, fusi- 
ble to yellow drops, white when cold, PbSO^, 

iblimate white non-volatile fusible 
powder, 

iblimate gray, red at distance, 

iblimate yellow hot, white cold, crystal- 
line near the assay, blue in reducing 
flame, ...... 

iblimate brown hot, yellow cold, fusible, BijOj, 

iiblimate metallic mirror, 



PbOCI, 



SbA. 
TeO,, 



41 
ti 
t( 

41 

it 

(i 

U 



BiSO,, 
SeO„ 



MoO., 



Se. 
As. 
As. 

PbCl,. 

Sb. 

Te. 

PbS. 



<l 


BiS. 


(( 


Se. 


l< 


Mo. 


it 


Bi. 


a 


Hg. 



Bead Tests with Borax and with Salt of Phosphorus. 

Preliminary to bead tests, many compounds, sulphides, arsenides, 
•senates, etc., may be converted into oxides by roasting as follows : 

Treat in a shallow cavity on charcoal at a dull red heat, never 
lowing the substance to fuse or even sinter. Use a feeble oxidiz- 
ig flame to drive off" sulphur, then a feeble reducing flame to 
rduce arsenical compounds, then reheat in an oxidizing flame, 
urn, crush, and reroast until no sulphurous or garlic odor is 
oticeable. 

Sodium tetraborate or borax may be considered as made up of 
>dium metaborate and boron trioxide. The boron trioxide at a 
igh temperature combines with metallic oxides, driving out volatile 
:ids, and by the aid, of the oxidizing flame the resulting borates 
ise with the sodium metaborate to form double borates often of 

characteristic color. The color may differ when hot and cold 
id according to degree of oxidation and reduction. 
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Sodium ammonium phosphate, or salt of phosphorus, by fusi^>^ 
loses water and ammonia and becomes sodium metaphospha.t:c- 
The sodium metaphosphate at high temperatures combines with 
metallic oxides to form double phosphates and pyrophosphate 
which like the double borates are frequently colored, although 
colors often differ from those obtained with borax. 

A bead of either flux is made on platinum wire as described 
page 88, and the substance is added gradually to the warm bead ancJ 
fused with it in the oxidizing flame. The ease of dissolving, effei 
vescence, color, change of color, etc., should be noted. 



We may greatly simplify the tabulation of results by the follow — 
ing division : 

1. Oxides which Color neither Borax or Salt of Phosphorus, or c^ ^ 

Most Impart a Pale Yelloiu to the Hot Bead when Added 

in Large Amounts, 

Oxides of Noticeable Distinctions. 

Aluminum.* — Cannot be flamed opaque. 
Antimony. — Yellow hot in oxidizing flame, flamed opaqu ^ 

gray in reducing flame, on charcoal with ti 

black. Expelled by reducing flame in time. 
Barium. — Flamed opaque white. 
Bismuth. — Like antimony. 
Cadmium. — Like antimony, but not made black by fusio 

with tin. 
Calcium. — Like barium. 
Lead. — Like antimony, but not made black by fusio 

with tin. 
Magnesium. — Like barium. 

Silicon. — Only partially dissolved in salt of phosphorus. 
Strontium. — Like barium. 
Tin. — Like aluminum. 

Zinc. — Like antimony, but not made black by fusio^ 

with tin. 

2. Oxides ivhich Impart Decided Colors to the Beads, 

The colors in hot and cold beads of both fluxes and under both 
oxidation and reduction are shown in the following table. Tb^ . 
abbreviations are : sat = saturated ; fl = 'flamed ; op ■■ opaqu^- i 
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:old relate to same bead ; hot and cold to larger amounts 
ide. 
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Flaming. 

Some substances yield a clear glass with borax or salt of ph< 
phorus, which remains clear when cold, but at a certain point n^^^^ 
saturation if heated slowly and gently or with an intermittent flatn^j 
or unequally, or by alternate oxidizing flame and reducing flan:i^> 
the bead becomes opaque and enamel-like. 

The reason is an incomplete fusion by which a part of the base 
is separated in the crystalline form. 

Flaming is hindered or quite prevented by silica. The borax 
beads may in general be said to be colored more intensely by equa.1 
amounts of coloring oxides, than the salt of phosphorus bead^ 
while the latter may be said to yield the greater variety in color. 

Use of Tin with Beads. 

Reduction is sometimes assisted by transferring the borax of 
salt of phosphorus bead to charcoal and fusing it for a momenta 
with a grain or two of metallic tin. The tin oxidizes and takes it3 
oxygen partly from the oxides in the bead. 

Use of Lead and Gold with Beads. 

Minute amounts of reduced metals, such as Cu, Ni, Co, may be 
collected from a bead by fusing it on charcoal with a small button 
of lead or gold. The glass bead can then be examined for the non- 
reducible oxides, and the lead or gold can by oxidation in contact 
with borax or salt of phosphorus, be made again to yield oxide 
colors from the reduced metals. 

Separate the button and the slag, saving both, and heat the button 
with boracic acid to remove the lead, and then with frequently 
changed S. Ph. The metals which have united with the gold or 
lead will be successively oxidized, and their oxides will color the 
S. Ph. in the following order : 

Co. — Blue, hot; blue, cold. May stay in the slag. 

Ni. — Brown, hot ; yellow, cold. May give gr^en with Co or Cu. 

Cu. — Green, hot ; blue, cold. Made opaque red by tin and re- 
ducing flame. 

The slag should contain the more easily oxidizable metals, and 
be free from Cu, Ni and Ag. 

Reduction Color Tests. 

Saturate two S. Ph. beads with the substance in the oxidizing 
flame, treat one of them on charcoal with tin and strong reduc- * 
ing flame, pulverize and dissolve separately in cold dilute (1-4) 
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hydrochloric acid with the addition of a little tin. Let the solu- 
tions stand for some time and then heat them to boiling. 



W. 
Mo. 



Wine Brown. 



The Oxidized Bea d Yields 
In Cold Solution. In Hot Solution. 

Blue. Deep Blue. 

Green to 
Blue. 

Ti. Faint Violet. ^ifl^J.^"^ 

Turbid. 

V. Bluish Green. Green. 

Cr, Green. Green. 

Ur. Green. Green. 



The Reduced Bead Yields 
In Cold Solution. In Hot Solution. 



Deep Blue. 
Brown. 

Violet and 

Turbid. 

Green. 

Green. 

Green. 



Deep Blue. 
Faint Brown with 
Black Precipitate, 

Violet. 

Green. 
Green. 
Green. 



Tests with Sodium Thiosulphate. Na^S^O,. 

A powdered metallic compound mixed with the dry flux, and 
either heated in a closed tube or upon a borax bead inside the 
■^lue flame will show the same color as would be produced by 
passing HjS through a solution oFthe compound. 

White = Zn. Orange = Sb. Yellow = Cd, As. 

Brown = Sn, Mo. Green = Cr, Mn. 

Black = Pb, Fe, Co, Cu, Ni, Ur, Bi, Ag, Au, Pt, Hg. 



Use of Acids. 

Acids are chiefly used in blowpipe work to expel and detect 
volatile constituents, to determine ease of solubility or to assist 
flame tests. 

a 

Volatile constituents are released with bubbling (effervescence), 
and the constituent is detected by the odor, or sometimes by 
passing the gas into another reagent. Generally a colorless odor- 
less gas shows the mineral to be a carbonate. 

The mineral substance to be treated should be ground to fine 
powder, unless otherwise stated. Hydrochloric acid is commonly 
used but nitric acid is often needed for metallic minerals. 
Solubility may be : 

With effervescence in the cold. 
With effervescence only on heating. 
Quiet and easy. 
Difficult and incomplete. 
With separation of perfect jelly. 
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With separation of imperfect jelly. 
With separation of powder. 
With separation of crystals. 

Tests with Cobalt Solution. 

Cobalt nitrate dissolved in ten parts of water is used to moisten 
light colored infusible substances. These are then heated to 
redness in the oxidizing flame and colored compounds result. 

Blue, AljOj and minerals containing it. Silicates of zinc. 

Green (bluish) SnO,. 

Green (yellowish), ZnO, TiOj. 

Green (dark), oxides of antimony and columbium. 

Flesh Color, MgO, and minerals containing it. 

Test with Magnesium Ribbon. 

Build a little pyramid of the powdered substance |^on char- 
coal, around a half inch length of magnesium ribbon and ignite 
the ribbon by touching with the flame ; after the flash place in 
water. 

Odor of PH, = P. 

Tests with Acid Potassium Sulphate. 
This reagent may be used to decompose insoluble compounds 
preparatory to wet separation, but its use in blowpipe analysis is 
chiefly to release volatile vapors and as a component of bismuth 
flux ancl boracic acid flux. 



Color of Fumes. 


Odor. 


Remarks. Indicating. 


Brown. 


• 


Pungent. 


From nitrates. 


NO,. 


Brown. 




Choking. 


Turn starch paper 
yellow. 


Br. 


Violet. 




Choking. 


Turn starch paper 
violet. 


I. 


Yellowish- 


•green. 


Chlorine. 


Kxplosive. 


CIO,. 


Colorless. 




Burning sulphur. 




SO,. 




Colorless. 




Pungent. 


Corrodes the glass. 


HF. 


Colorless. 




Chlorine. 


White vapors with 
NH,. 


HCl. 


Colorless. 




Bad eggs. 


Blacken lead acetate 
paper. 


H^. 


Colorless. 




Almonds. 


Whitens lime water. 


HCN. 


Colorless. 




Odorless. 


Whitens lime water. 


CO^ 
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Others of minor importance, acetic acid, chromic acid, organic 
acids, etc. 

Tests with Potassium Chlorate. 

Heat gradually in a matrass with the chlorate ; finally there will 
y^ an energetic oxidation, and the fused mass will be : 
Black = Ni, Cu. Bluish black = Co. 
Purple = Mn. Brown == Pb. Flesh color = Fe. 

Tests with Boracic Acid Flux. 

Grind 4^ parts KHSO^, i part CaF, to paste with water, add 
substance, thoroughly mixing. Heat at tip of the blue flame. Just 
aftet the water is driven off there may be yellow green flame of 
|)^ron, or carmine flame of lithia. 

Use of Boracic Acid. 

Is used to separate lead and bismuth from antimony, copper, 
cadmiuni, silver, etc. 



CHAPTER XIII. 

SUMMARY OF USEFUL TESTS WITH THE 

BLOWPIPE. 

The details of ordinary manipulations, such as obtaining beads, 
flames, coatings and sublimates, are omitted and the results alone 
stated; unusual manipulations are described. The bead tests 
are supposed to be obtained with oxides ; the other tests are true, 
in general, of all compounds not expressly excluded. The course 
to be followed in the case of interfering elements is briefly stated 

ALUMINUM, Al. 

WM Soda. — Swells and forms an infusible compound. 
WM Borax or S. Ph. — Clear or cloudy, never opaque. 
i^- With Cobalt Solution.* — Fine blue when cold. 

AMMONIUM, NH«. 

/;/ Closed Tube. — Evolution of gas with the characteristic odor. 
Soda or lime assists the 'reaction. The gas turns red litmus paper 
blue and forms white clouds with HCl vapor. 

ANTIMONY, Sb. 

On Coal, R. /^t — Volatile white coat, bluish in thin layers, con- 
tinues to form after cessation of blast and appears to come directly 
off" the mass. 

With Bismuth Flux : 

On Plaster. — Peach- red coat, somewhat mottled. 
On Coal. — Faint yellow or red coat. 



* Certain phosphates, borates and fusible silicates become blue in absence of 
alumina. 

f This coat may be further tested by S Ph. or flame. 
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Jn Open Tube. — Dense, white, non-volatile, amorphous sublimate. 

ic sulphide, too rapidly heated, will yield spots of red. 

Jn dosed Tube, — The oxide will yield a white fusible sublimate 
^f needle crystals, the sulphide, a black sublimate red when cold. 

Flame. — Pale yellow- green. 

With S. Ph. — Dissolved by O. F. and fused on coal with tin in 
^. F. becomes gray to black. 

Interfering Elements. 

Jirsenic. — Remove by gentle O. F. on coal. 

Arsenic with Sulphur. — Remove by gentle heating in closed 

tube. 

Copper. — The S. Ph. bead with tin in R. F. may be momentarily 
red but will blacken. 

Lead or Bismuth. — Retard formation of their cpats by inter- 
mittent blast, or by adding boracic acid. Confirm coat by flame, 
not by S. Ph. 

ARSENIC, As. 

O/t Smoked Plaster. — White coat of octahedral crystals. 
On Coal. — Very volatile white coat and strong garlic odor. 
The oxide and sulphide should be mixed with soda. 
Wi//i Bismuth Flux: 

On Plaster. — Reddish orange coat. 
On CoaL^ — Faint yellow coat. 
In C^pen lube. — White sublimate of octahedral cr)'stals. Too 
high heat may form deposit of red or yellow sulphide. 

In Closed Tube, — May obtain vvhite oxide, yellow or red sul- 
phide , or black mirror of metal. If the tube is broken and the 
mirror heated, a strong garlic odor will be noticed. 
FleMPne. — Pale azure blue. 

Interfering Elements. 

Antimony. — Heat in closed tube with soda and charcoal, break 
and treat resulting mirror in O. F. for odor. 

Codail or Nickel. --Ymsq in O. F. with lead and recognize by 
odor. 

Sulphur. — {a) Red to yellow sublimatfe of sulphide of arsenic in 

closed tube. 
{Jf) Odor when fused with soda on charcoal. 



N 
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BARIUM, Ba. 

On Coal with Soda. — Fuses and sinks into the coal. 
f/%zw^,— Yellowish green improved by moistening with HCI. 

With Borax or S. Ph, — Clear and colorless, can be flamerf 
opaque-white. 

BISMUTH, Bl. 

On Coal, — In either flame is reduced to brittle metal and yields 
a volatile coat, dark orange yellow hot, lemon yellow cold, with 
yellowish-white border. 
With Bismuth Flux :* 

On Plaster, — Bright scarlet coat surrounded by chocolate 
brown, with sometimes a reddish border. The brown 
may be made red by ammonia.f 
On Coal. — Bright red coat with sometimes an inner fringe 
of yellow. 
With S. Ph. — Dissolved by O. F. and treated on coal with 
tin in R. F. is colorless hot but blackish gray and opaque 
cold. 

Interfering Elements. 

A^itimony, — Treat on coal with boracic acid, and treat the re- 
sulting slag on plaster with bismuth flux. 
Lead. — Dissolve coat in S. Ph. as above. 

BORON, B. 

• 

All borates intumesce and fuse to a bead. 

Flame, — Yellowish green. May be assisted by : {a) Moistening 
with H0SO4; (b) Mixing to paste with water, and boracic acid 
flux (43^ pts. KHSO^, I pt. CaFj) ; [c) By mixing to paste with 
H,SO, and NH^F. 

BROMINE, Br. 

With S, Ph. Saturated With CuO. — Treated at tip of blue flame, 
the bead will be surrounded by green and blue flames. 
In Matrass With KHSO^. — Brown choking vapor. 

Interfering Elements. 

Silver, — The bromide melts in KHSO4 and forms a blood-red 
globule which cools yellow and becomes green in the sunlight 

* Sulphur 2 parts, potassic iodide I part, potassic bisulphate I part 
t May be obtained by heating S. Ph. on the assay. 



USEFUL TESTS WITH THE BLOWPIPE. 113 

CADMIUM, Cd. 

On CoalR. F. — Dark brown coat, greenish yellow in thin layers. 
Beyond the coat, at first part of operation, the coal shows a varie- 
g3,t:ed tarnish. 

On Smoktd Plaster with Bismuth Flux. — White coat made orange 
by (NH.),S. 

With Borax or S. Ph, — O. F. clear yellow hot, colorless cold, 
can be flamed milk-white. The hot bead touched to 
Na^Oj becomes yellow. 

R. F. Becomes slowly colorless. 

Interfering Elements. 

p Leoii^ Bismuth^ Zinc, — Collect the coat, mix with charcoal dust 
^^ A^oat gently in a closed tube. Cadmium will yield either a 
''^(^dislrm. brown ring or a metallic mirror. Before collecting coat 
^caf it with O. F. to remove arsenic. 



CALCIUM, Ca. 

O^m Coal with Soda. — Insoluble and not absorbed by the coal. 
Flezx-^me. — ^Yellowish red improved by moistening with HCl. 
W^^^h Borax or S, Ph. — Clear and colorless, can be flamed opaque. 

CARBON DIOXIDE, CO,. 

V^^^A Nitric Acid. — Heat with water and then with dilute acid. 
(^0» will be set free with effervescence. The escaping gas will 
^e^^er lime-water turbid. 

With Borax or S. Ph. — After the flux has been fused to a clear 

t>ead, the addition of a carbonate will cause effervescence during 

ftirther fusion. 

CHLORINE, CL 

With S. Ph. Saturated with CuO. — Treated at tip of blue flame, 
the bead will be surrounded by an intense azure-blue flame. 

On Coal with CuO. — Grind with a drop of HjSO^, spread the 
paste on coal, dry gently in O. F. and treat with blue flame, which 
will be colored greenish-blue and then azure-blue. 

CHROMIUM, Cr. 

With Borax or 5. Ph. — O. F. Reddish hot, fine yellow-green 
cold. 
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. R, F. In borax, green hot and cold. In S. Ph. red -I^ot, 
green cold. 
With Soda. — O. F. Dark yellow hot, opaque and light yeliow^ 
cold. 
R. F. Opaque and yellowish-green cold. 

Interfering Elements. 

Mafigancse, — The soda bead in O. F. will be bright yellowi^*" 
green. 

COBALT, Co. 

On Coal, R. K — The oxide becomes magnetic metal. The sol *J" 
tion in HCl will be rose-red but on evaporation will be blue. 
WM Borax or S. PA, — Pure blue in either flame. 

Interfering Elements. 

Arsenic. — Roast and scorify with successive additions of bor^-^^* 
There may be, in order given : Yellow (iron), green (iron a.^^ 
cobalt), blue (cobalt), reddish-brown (nickel), green (nickel --^^ 



copper), blue (copper). 

Copper^ and other Elements which Color Strongly. — Fuse ws *- 
borax and lead on coal in R. F. The borax on platinum wire ^ ^ 
O. F. will show the cobalt, except when obscured by much \x^^^^ 
or chromium. 

Iron, Nickel or Chromium. — Fuse in R. F. with a little metalC ^ 
arsenic, then treat as an arsenide. 

Sulphur or Selenium. — Roast and scorify with borax, as befo 
described. 

COPPER, Cu. 

^ On Coal R. F. — Formation of red malleable metal. 
Flamed — Emerald-green or azure-blue, according to compoun 
The azure-blue flame may be obtained : 
(ci) By moistening with HCl or aqua regia, drying gently in 
F. and heating strongly in R. F. 

[It) By saturating S. Ph. bead with substance, a dding o 
salt, and treating with blue flame. 

With Borax \ or S. Ph. — O. F. Green hot, blue or greenish* 
blue cold. 



* Sulphur, selenium and arsenic should be removed by roasting. Liei^d necessitates' 
a gentle heat. 

f By repeated slow oxidation and reduction, a borax bead becomes ruby red. 



1 
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R. F. Greenish or colorless hot, opaque and brownish-red 
cold. With tin on coal this reaction is more delicate. 

Interfering Elements. 

General Method.* — Roast thoroughly, treat with borax on coal 
in strong R. F., and 

If Bnitofi Forms. — Separate the button from the slag, remove 
any lead from it by O. F., and make either S. Ph. or flame 
test upon residual button. 
If no Visible Button Forms, — Add test lead to the borax fusion, 
continue the reduction, separate the button and treat as in 
next test. (Lead Alloy.) 
Z^ead or Bismuth Alloys. — Treat with frequently changed boracic 
3^cicl in strong R. F., noting the appearance of slag and residual 
l>utton. 

Trace. — ^A red spot in the slag. 

Over One Per Cetit. — The residual button will be bluish-green 
when melted, will dissolve in the slag and color it red upon 
application of the O. F., or may be removed from the slag 
and be submitted to either the S. Ph. or the flame test. 

FLUORINE, F. 

-Gjtching Test. — If fluorine is released it will corrode glass in 
cloudy patches, and in presence of silica there will be a deposit 
^^ tVie glass. According to the refractoriness of the compound 
^^ fluorine may be released : 

(^^ In closed tube by heat. 

(^) In closed tube by heat and KHSO4 

(^) In open tube by heat and glass of S. Ph. 
^^/A Cone. HfSO^ and SiO^. — If heated and the fumes condensed 
^ a drop of water upon a platinum wire, a film of silicic acid will 

*"^ti upon the water. 

IODINE, I. 

^ith S. PA, Saturated with CuO. — Treated at the tip of the blue 
^*^nie the bead is surrounded by an intense emerald-green flame. 

In Matrass with KHSO^, — Violet choking vapor and brown 
^^blimate. 



* Oiiides, sulphides, sulphates are best reduced by a mixture of soda and borax. 
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In Open Tube with Equal Parts Bismuth Oxide ^ Sulphur >^s^nd 
Soda, — ^A brick-red sublimate. 

With Starch Paper, — The vapor turns the paper dark purple — 

Interfering Elements. 

Silver, — The iodide melts in KHSO4 to a dark red globule, 3^^«1- 
low on cooling, and unchanged by sunlight. 

IRON, Fe. 

On Coal, — R. F. Many compounds become magnetic. S<^^^ 
assists the reaction. 

\ _ With Borax* — O. F. Yellow to red hot, colorless to yellow co^ d- 
R. F. Bottle-green. With tin on coal, vitriol-green. 
With S, Ph. — O. F. Yellow to red hot, greenish while cooli T^ $» 
colorless to yellow cold. 
R. F. Red hot and cold, greenish while cooling. 
State of the Iron, — A borax bead blue from CuO is made red ^^y 
FeO, and greenish by FejOj. 

Interfering Elements. 

Chromium. — Fuse with nitrate and carbonate of soda on p^*^" 
tinum, dissolve in water and test residue for iron. 

Cobalt, — By dilution the blue of cobalt in borax may often 
lost before the yellow of iron. 

Copper, — May be removed from borax bead by fusion with 1 
on coal in R. F. 

Manganese, — (a) May be faded from borax bead by treatm 
with tin on coal in R. F. 
{b) May be faded from S. Ph. bead by R. F. 

Nickel. — May be faded from borax bead by R. F. 

Tungsten or Titanium, — The S. Ph. bead in R. F. will be reddi^ 
brown instead of blue or violet. 

Uranium, — As with chromium. 

Alloys, Sulphides, Arsenides, etc. — Roast, treat with borax on c 
in R. F., then treat borax in R. F. to remove reducible metals. 

LEAD, Pb. 

On Coal.f — In either flame is reduced to malleable metal ano 

~' A slij^bt yellow color can only be atiributed to iron, when there is no decided color 
proilucdl by either flame in hijj;hly charged beads of borax and S, Ph. 
f The phosphate yields no coat without the aid of a flux. 
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yields, near the assay, a dark lemon-yellow coat, sulphur-yellow 
cold and bluish- white at border. 
With Bismuth Flux : 

On Plaster, — Chrome-yellow coat, blackened by (NH4),S. 

On Coal, — Volatile yellow coat, darker hot- 

Flame, — Azure-blue. 

With Borax or S. Ph. — O. F. Yellow hot, colorless cold, flames 
opaque-yellow. 
R. F. Borax bead becomes clear, S. Ph. bead cloudy. 

Interfering Elements. 

Antimony, — Treat on coal with boracic acid, and treat the re- 
sulting slag on plaster with bismuth flux. 

Arsenic Sulphide, — Remove by gentle O. F. 

Cadmium, — Remove by R. F. 

Bismuth. — Usually the bismuth flux tests on plaster are suflficient. 
In addition the lead coat should color the R. F. blue. 

LITHIUM, Li. 

Flame, — Crimson, best obtained by gently heating near the wick. 

Interfering Elements. 

Sodium^ {a) Use a gentle flame and heat near the wick, {b) Fuse 
on platinum wire with barium chloride in O. F. The flame will be 
first strong yellow, then green, and lastly, crimson. 

Calcium or Strontium. — As these elements do not color the flame 
in the presence of barium chloride, the above test will answer. 

Silicon. — Make into a paste with boracic acid flux and water, and 

fuse in the blue flame. Just after the flux fuses the red flame will 

appear. 

MAGNESIUM, Mg. 

On Coal with Soda, — Insoluble, and not absorbed by the coal. 

With Borax or S. Ph. — Clear and colorless can be flamed opaque- 
white. 

With Cobalt Solution.* — Strongly heated becomes a pale flesh 
color. 

MANGANESE, Mn. 

With Borax or S. Ph,^ — O. F. Amethystine hot, reddens on cool- 

* With silicates this reaction is of use only in the absence of coloring oxides. The 
phosphate, arsenate and borate become violet-red. 

f The colors are more intense with borax than with S. Ph. 
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ing. With much, is black and opaque. If a hot bead is 
touched to a crystal of sodium nitrate an amethystine or 
rose-colored froth is formed. 
R. F. Colorless or with black spots. 
Wiih Soda. — O. F. Bluish-green and opaque when cold. Sodium 
nitrate assists the reaction. 

Interfering Elements. 

Chromium. — The soda bead in O. F. will be bright yellowisl^' 
green instead of bluish-green. 

Silicon. — Dissolve in borax, then make soda fusion. 

MERCURY, Hg. 

With Bismuth Flux : 

On Plaster. — Volatile yellow and scarlet coat. If ^^^ 

strongly heated the coat is black and yellow. 
On Coal. — Faint yellow coat at a distance. 
/// Matrass with Dry Soda or with Litharge* — Mirror-l^ 
sublimate, which may be collected in globules. 

MOLYBDENUM, Mo. 

On Coal. — O. F. A coat yellowish hot, white cold, crystall ^ ^ 
near assay. 
R. F. The coat is turned in part deep blue, in part d^*--^ 
copper-red. 
Flame. — Yellowish-green. 
With Borax. — O. F. Yellow hot, colorless cold. 

R. F. Brown to black and opaque. 
With S. Ph. — O. F. Yellowish-green hot, colorless cold.f 

R. F. Emerald-green. 
Dilute (j^) HCl Solutions. — If insoluble the substance may fir^^ 
be fused with S. Ph. in O. F. If then dissolved in the acid a^^ 
heated with metallic tin, zinc or copper, the solutions will be suc- 
cessively blue, green and brown. If the S. Ph. bead has been 
treated in R. F. the solution will become brown. 

♦ GoUl-lcaf i.-> whitened by the slightest trace of vapor of mercury. 
f Crushed between damp unglazed paper becomes red, brown, purple or bluc,>c 
cording to amount present. 
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NICKEL, Ni. 
On Coal. — R. F. The oxide becomes rnagnetic. 
X—With Borax.— O. F. Violet hot, pale reddish-brown cold.- — -^^ 
R. F. Cloudy and finally clear and colorless. 
WUh S. Pk.—O. F. Red hot. yellow cold. 

R. F. Red hot. yellow cold. On coal with tin becomes 
colorless. 

Interfering Elements. 
Genera! Method. — Saturate two orthree borax beads with roasted 
substance, and treat on coal with a strong R. F. If a visible button 
results, separate it from the borax, and treat with S. Ph. in the 
O. F., replacing the S. Ph. when a color is obtained. 

If no visible button results, add either a small gold button or a 
few grains of test lead. Continue the reduction, and : 

WUh Gold. — Treat the gold alloy on coal with S. Ph. in strong 

O. F. 
Wish I^ad. — Scorify button with boracic acid to small sixe, 
complete the removal of lead by O. F. on coal, and treat 
residual button with S. Ph. in O. F. 
Arsenic. — Roast thoroughly, treat with borax in R. F, as long as 
it shows color, treat re.sidual button with S. Ph. in O. F. 

Alloys. — Roast and melt with frequently changed borax in R. F. 
adding a little lead if infusible. When the borax is no longer 
colored, treat residual button with S. Ph. in O. F. 

NITRIC ACID, HNO,. 

In Matrass with KHSOt.or in ClosedTudcivitk Litharge. — Brown 
fumes with characteristic odor. The fumes will turn ferrous sul- 
phate paper brown. 

PHOSPHORUS. P. 

Plame. — Greenish-blue, monicntarj-. Improved by cone. HJSO4. 

In Closed Tube with Dry Soda and Magnesium. — The soda and 
substance are mixed in equal parts and dried, and made to cover 
the niagnc.iium. Upon strongly heating there will be a vivid in- 
candescence, and the resulting mass, crushed and moistened, will 
yield the odor of phosphuretted hydrogen. 

POTASSIUM, K. 

Flame. — Violet, except borates and phosphates. 
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Interfering Elements. 

Sodium. — {a) The flame, through blue glass, will be violet 

blue. 
{b) A bead of borax and a little boracic acid, made bro^ 

by nickel, will become blue on addition of a potassium 

compound. 
Lithium. — The flame, through green glass, will be bluish-green. 

SELENIUM, Se. 

On Coal, R. F. — Disagreeable horse-radish odor, brown fumes, 
and a volatile steel-gray coat with a red border. 

In Open Tube. — Steel-gray sublimate, with red border, some- 
times white crystals. 

/// Closed Tube. — Dark-red sublimate and horse-radish odor. 

Flame. — Azure-blue. 

Ofi Coal with Soda. — Thoroughly fuse in R. F., place on bright 
silver, moisten, crush, and let stand. The silver will be blackened. 

SILICON, Si. 

On Coal ivith Soda. — With its own volume of soda, dissolves with 
effervescence to a clear bead. With more soda the bead is opaque. 

With Borax. — Clear and colorless. 

With S, Ph, — Insoluble. The test made upon a small fragment 
will usually show a translucent mass of undissolved matter of the 
shape of the original fragment. 

When not decomposed by S. Ph., dissolve in borax nearly to 
saturation, add S. Ph., and re-heat for a moment. The bead will 
become milky or opaque white. 

SILVER, Ag. 

071 Coal, — Reduction to malleable white metal. 

With Borax or S. Ph. — O. F. Opalescent. 

Cupellatio7i, — Fuse on coal with i vol. of borax glass and I to 

2 vols, of test lead in R. F. for about two minutes. Remove button 
and scorify it in R. F. with fresh borax, then place button on cupel 
and blow O. F. across it, using as stroni^ blast and as little flame as 
are consistent with keepinj^ button melted. 

If the litharge is dark.or if the button freezes before brightening, or 
if it brightens but is not spherical, rescorify it on coal with borax, 
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^^<i more test lead, and again cupel until there remains only a white 
^PHerical button of silver. 

SODIUM, Na. 

Flame. — ^Strong reddish-yellow. 

STRONTIUM. Sr. 

On Coal with Soda. — Insoluble, absorbed by the coal. 
Flame. — Intense crimson, improved by moistening with HCl. 
With Borax or 5. Ph. — Clear and colorless; can be flamed 
opaque. 

Interfering Elements. 

Barium. — ^The red flame may show upon first introduction of 
the sample into the flame, but it is afterward turned brownish- 
yellow. 

Lithium. — Fuse with barium chloride, by which the lithium flame 
is unchanged. 

SULPHUR, S. 

On Coal with Soda and a Little Borax. — ^Thoroughly fuse in the 
R. F., and either : 

j^ {a) Place on bright silver, moisten, crush dnd let stand. The 

silver will become brown to black. Or, 
(^) Heat with dilute HCl (sometimes with powdered zinc) ; 
the odor of HjS will be observed. 
/// Open Tube. — Suffocating fumes. Some sulphates are unaf- 
fected. 

/// Closed Tube. — May have sublimate red when hot, yellow cold, 
6r sublimate of undecomposed sulphide, or the substance may be 
unaffected. 

With Soda and Silica (equal parts). — A yellow or red bead. 
To Determine Whether Sulphide or Sulphate. — Fuse with soda on 
platinum foil. The sulphide only will stain silver. 

TELLURIUM, Te. 

On Coal. — Volatile white coat with red or yellow border. If 
the fumes are caught on porcelain, the resulting gray or brown 
film may be turned crimson when moistened with cone. HjSO^, 
and gently heated. 
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On Coal with Soda. — Thoroughly fuse in R. F. Place on bright 
silver, moisten, crush and let stand. The silver will be blackened. 

Flame. — Green. 

In Open Tube. — Gray sublimate fusjble to clear drops. 

With H^SO^ (cone). — Boiled a moment, there results a purple 
violet solution, which loses its color on further heating or on dilu- 
tion. 

TIN, Sn. 

On Coal. — O. F. The oxide becomes yellow and luminous. 

R. F. A slight coat, assisted by addition of sulphur or soda. 
With Cobalt Solution. — Moisten the coal, in front of the assay, 
with the solution, and blow a strong R. F. upon the assay. The 
coat will be bluish-green when cold. 

With CuO in Borax Bead. — A faint blue bead is made reddish- 
brown or ruby-red by heating a moment in R. F. with a tin com- 
pound. 

Interfering Elements. 

Lead or Bismuth {Alloys). — It is fair proof of tin if such an alloy 
oxidizes rapidly with sprouting and cannot be kept fused. 

Zinc. — On coal with soda, borax and charcoal in R. F. the tin 
will be reduced, the zinc volatilized ; the tin may then be washed 
from the fused mass. 

TITANIUM,* Tl. 

With Borax. — O. F. Colorless to yellow hot, colorless cold, 
opalescent or opaque-white by flaming. 
R. F. Yellow to brown, enamel blue by flaming. 
With S. Ph.—O. F. As with borax. 
R. F. Yellow hot, violet cold. 
HCl Solutions. — If insoluble the substance may first be fused 
with S. Ph. or with soda and reduced. If then dissolved in dilute 
acid and heated with metallic tin, the solution will become violet 
after standing. Usually there will also be a turbid violet precipi- 
tate, which becomes white. 

Interfering Elements. 
Iron.—'WiQ^ S. Ph. bead in R. F. is yellow hot, brownish-red cold. 

TUNGSTEN, W. 

Willi Borax. — O. F. Colorless to yellow hot, colorless cold, can 
be flamed opaque-white. 

* If the sub^i.mce is mixed with so<lium fluoride, fused on platinum wiih a little 
sodium pyrosulpliale and dissolved ])y lx>iling in a very weak solution of sulphuric 
acid, the addition of a few drops of hydrogen peroxide will produce a color like th at 
of ferric chloride. •* 
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R. F. Colorless to yellow hot, yellowish-brown cold. 
With S. Ph, — O. F. Clear and colorless. 

R. F. Greenish hot, blue cold. On long blowing or with 
tin on coal, becomes dark green. 
With Dilute HCL — If insoluble, the substance may first be fused 
with S. Ph. The solution heated with tin becomes dark blue ; 
with zinc it becomes purple and then reddish-brown. 

Interfering Elements. 
Iran. — The S. Ph. in R. F. is yellow hot, blood-red cold. 

URANIUM, U. 

With Borax, — O. F. Yellow hot, colorless cold, can be flamed 
enamel yellow. 

R. F. Bottle-green, can be flamed black but not enamelled. 
With 5. Ph. — O. F. Yellow hot, yellowish-green cold. 

R. F. emerald-green. 

Interfering Elements. 
Iron. — ^With S. Ph. in R. F. is green hot, red cold. 

. VANADIUM, V. 

With Borax. — O. F. Colorless or yellow hot, greenish-yellow 

R. F. Brownish hot, emerald-green cold. 
Wtth 5. Ph.—O. F. Dark yellow hot, light yellow cold. 

R. F. Brown hot, emerald-green cold. 
H^SO^ Solutions, — Reduced by Zn become successively yellow, 
green, bluish-green, blue, greenish-blue, bluish-violet and lavender. 

ZINC, Zn. 

On Coal, — O. F. The oxide becomes yellow and luminous. 

R. F. Yellow coat, white when cold, assisted by sodia and 
a little borax. 

Wtth Cobalt Solution, — Moisten the coal, in front of the assay, 
with the solution, and blow a strong R. F. upon the assay. The 
coat will be bright yellow-green when cold. 
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Interfering Elements. 

Antimony. — Remove by strong O. F., or by heating with sul j:^>hur 
in closed tube. 

Cadmium, Lead or Bismuth. — The combined coats will not Ji^re- 
vent the cobalt solution test. 

Tin. — ^The coats heated in an open tube, with charcoal dust: by 
the O. F., may yield white sublimate of zinc. 






I'CHAITER XIV. 



SCHEMES FOR QUALITATIVE BLOWPIPE 
ANALYSIS. 

Test I.*— Heat a portion gently with O. F. upon charcoal 
Of a plaster tablet which has been blackened in the lamp 

As. — White very volatile crystalline coat, white funics having 
garlic odor and invisible near assay, best on plaster. 

.*! The crat diuppein befon R. F., tingcing il pile btiic and evdring [lie chai*cteiiitic 

e«rlic odor. 

DmriRMATIoS Afl. — The coaling may be scraped off logetber wilh ■ little charccwl 
and if heated in closed tube should yield an orsenic mirror; or it may be disiolred in 
loloiioo of KOH, placed m a test tul>e. a sioall piece of sodium amalgam added, and 
the lube corered with a [nece of (liter puper moiislened with a slightly acid solution of 
AgNO,. The paper will b« itained black by the AsH, cvohed. 

Sb. — White fumes and white pulverulent volatile coat, best on 
charcoal. 

A fp>od dislinguiiliitig (calure belween As and Sb Is as follnwE : They both usually 
caatinue to give offfutnu after TemoTol of the. flame, but while stilt hoi the At,0, fumes 
■re not Tisible vilbin one-half incti of as&ay, while Sb,0, fumes appear (□ come inune- 
dialdy from th« mass. 

CoxriKMATloN Sb. — 'n»c coating disappeaii before R. F.. tingcing il a pale yellow- 
gle«n, or, if scraped tc^elher, dissolved in S. Ph. and just fused on charcnal in contact 
with tin il will form a gray or blocli opaque bead. 

It (he coating be scraped off and dissoWcd in tartaric acid + HCI, and Ibe solution 
placed in a platinum capsule with a piece of zinc, Sb, if present, will give a blacV 
adherent stain, lliis may be contirmed by washing the stain with water, then dissolT- 
ing it in a few drops of hoi tartaric add plus B drop or two of IICl \ on adding If,5, an 
onnge predpitaie proves Sb,S,. 

Most antimony miaenils leave a while residue when treated with concentrated nitric 
add. If this residue is washed with water dissolved Id HCI and 11,5 added, an Drange 
precipitate of Sb,S, wilt be formed. 

* Ten I. may also yield white coaling of chlorides or lead sulphate, or of Se or Tc, 
noD-Tolatile coatipgs of Sn or Zn near the assay, yellow hot and while cold -. yellow 
eealings of Pb or Bi ; crystalline yellow and while coating of Mo i and deep brown 
coating of Cd. All of these will be delected with greater certainty by later tests. 
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i 

Test II. — Mix a portion with soda and a little borax and t^^at 
strongly upon charcoal with R. F, for three or four minut-t^s. 
Preserve the fused mass for subsequent examination. Or, smix 
some of the powdered substance with metallic sodium l>y 
means of a knife blade, ignite carefully on charcoal and ts.^sat 
residue ^th blowpipe flame to obtain coatings or to fuse 'tzo- 
gether any metallic particles.* Preserve residue for Test X XI. 

As — Garlic odor, white fumes and a white volatile coat 

Sb. — White fumes and a white volatile coat. 

Cd. — Dark brown volatile coat, sometimes shading to greeni^^* 
yellow and usually surrounded by a variegated coloration res^^^" 
bling the colors of peacock feathers. 

CoNFiKMATioN Cd.— The coat forms at first heating, and, if mixed with Nt,^-^^* 
and fused in a borax bead, will form a bright yellow mass of CdS. 

Zn. — White not easily volatile coat, yellow when hot. 
• Sn. — White non-volatile coat close to assay, yellow while J"*- 
and usually small in amount. 

Confirmation Zn and Sn. — If any coat forms, moisten it with cobalt solution ^^^ 
blow a strong blue flame on the substance. The coatings from other elements will ^m^ 
prevent the cobalt coloration. The zinc coat is made bright yellowish g^een. Ihi^ 
coat becomes bluish-green. 

Test III. — Crush, and pulverize and examine the residue 
Test II. ^ 

I. Collect any magnetic particles with the magnet; dissol- ^ 

some of the magnetic particles in a borax bead with the O. 
Try also effect of R. F. 

Fe. — ^The bead is : O. F. hot, yellow to red ; O. F. cold, col< 
less to yellow ; R. F. cold, bottle-green. 

Confirmation Fe. — Tlie magnetic particles yield with HNO,, a brown aolul 
from which, after evaporating excess of acid, K^FeCyj throws down a bloc precipi 

Ni. — The bead is : O. F. hot, intense violet ; O. F. cold, 
brown ; R. F. cold, colorless. 

J Confirmation Ni. — If the excess of acid is driven off by evaporation, KCy 
in CKcess, and the solution then made strongly alkaline with KOH, two or three 
of pure bromine will give a black precipitate of NijCOH),. 

Go. — The* bead is : O. F. and R. F. hot or cold, a deep p 
blue ; if greenish when hot, probably Fe or Ni is also present 

Confirmation Co. — The magnetic particles yield with HNO^, a rose-red solni 

whi( h becomes Mue on eva|)oration. 
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*Test II. may also yield wliite cf>ats from Pb, Hi or alkalis, yellow coats from 
or Bi, brown or red coals from Cu or Mo, and the ash of the coal mxf be wbite or r 
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Kxaminc residue for metallic buttons and observe if they 
are malleable or not. 

Ag. — Silver white malleable button. 

CoxriRMArios Ag.— Dissolve ballon in dilule llNOi, and aild a drop of HCl. A 
white [ired[HWIe, solubU in NH,OtI is obiaincd. 
Pb.— Lead gray malleable button. 

COKtlKMATluN Pb.— Wjrti bisiDUtli fiui on charcoal gives yellow coaling. 

Sn. — White malleable button. 

Co.vriitMATioN Sn.~Heaieii in O. Y. on charcoal gives a non-voUlile coaling, yelloir 
hot atid while cold. Decomposed in coiic. HNO,wiIh while TMidue of metaSlBiuiic acid. 

Cu. — Reddish malleable button. 

II HNUj to n green solution rendered inlense blue 

Au. — Yellow malleable button. 

CoN'PlBUATliiK Au. — Insoluble in HNOjOrHG alone, buc dissolved by mixed *ddi. 

Bi- — Reddish white brittle button. 

CONPIKMATION Bi. — Heat vith bismuth tltu. 

Sb. — White brittle button, yielding white coating before the 
blowpipe. 

3. Dig up some of the charcoal beneath assay, place upon 
a bright silver surface ; moisten with water and let stand. 

S, Se, Tc. — The bright silver is stained black or dark-brown, 
and unless the horseradish odor of Se or the brown coatings of 
Se and Te with bismuth flux have been already obtained, this stain 
will prove sulphur. 

CoNnRMATIONS S The soda fusion will evolve H,S when moistened with HCl. 

By holding in the gas a piece of filler paper moistened wjlh a drop or Iwo of lead 
BCclale <le»l is made more sensitive by adding a drop of ammonia to Ihe acetate), the 
ym^Kt will lie stained black. 

GoNriRUAtloH Se.— Characierislic disagreeable horseradish odor during fusion. ^ 

CONFIIUATIONS Te.— If a liltlc of the original subsunce is dropped into boiUng 
ooBceniraced li,St»,, a deep violet color ii produced; this disappears on further 
kcMinj;. 

The quite cold soda fusion added in hot water produces a purple. red solution. 

Test IV. — Mix a portion of the substance with more than 
an equal volume of bismuth flux,^ and heat gently upon a 
plaster tablet with the oxidizing flame. 

' Formed by grinding logelher i part KI, ^latl KHSU,, 3 parti S, 
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Pb.— Chrome-yellow coat, darker hot, often covering the entire 
tablet. 

Confirmation Pb. — If the test is made on charcoal, the coat is greenish-yellow, 
brown near the assay. 

Hg. — Gently heated, bright scarlet coat, very volatile, and with 
yellow fringe; but if quickly heated, the coat formed is pale yel- 
low and black. 

Confirmation Hg. — If the substance is heated gently in a closed tube or matrass 
with dry soda or litharge, a mirror-like sublimate will form, which may be collected 
into little globules of Hg by rubbing with a match end. The test with bismuth flux 
on charcoal yields only a faint yellow coat. 

Bi. — Bright chocolate-brown coat, with sometimes a reddish 
fringe. 

Confirmations Bi. — The coat is turned orange-yellow, then cherry-red, by fumes 
of NH3, which may conveniently be produced by heating a few crystals of S. Ph. on 
the assay. The tost with bismuth flux on charcoal yields a bright-red band, with 
sometimes an inner fringe of yellow. 

Sb. — Orange to peach-red coat, very dark when hot. 

Confirmation Sb. — The coat becomes orange when moistened with (Nll4),S. 

Test IV. may yield colored sublimates with large amounts of certain other clement'^, 
and on smoked pla-^lcr certain white sublimates are obtainable. In all cases the 
elements are detected with greater certainty by other tests, but for convenience they 
are here sunnnarizcd : Sn, brownish-orange; As, recldish-orange ; Sc, reddish-brown ; 
Te, purplish-brown, with deep brown border; Mo, deep ultramarine blue; Cu, Cd, 
Zn, white on smoked plaster. 

Test V. — Dissolve substance in salt of phosphorus in O. F. 
so long as bead remains clear on cooling. Treat then for 
three or four minutes in a strong R. F. to remove volatile 
compounds. Note the colors hot and cold, then re-oxidize 
and note colors hot and cold. 

Fe, Ti, Mo, W. — The bead in O. F. cold is colorless or very 

FAINT YELLOW. 

CoNJ lUMA I i«>N Fe. — Tlic bead in its previous treatment should have been O. Y. 
hot, yellow ti) wd ; O. 1'. cold, colorlcs-* ; R, I'", cold, bottle green. 

Com iKMAiioN Ti. — The bead is reduced ^m charcoal with tin, pulverized and tlis- 
solvcd in \ IKI with a little nutallic tin. The reduced bead is violet, the solution i.^ 
violet and turbid. 

Com ikmmion- Mo.— letted as above on charcoal with tin, etc., the reduced bead 
is ^rcen, the >oluii"n i> liaik brown. IKat a little of the substance on platinum foil 
with a few dioj.- of cone. 1 1 NOa, heat until e\cr>> u{ 1IN( )^ has all volatilized, then ad<l 
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ops of Strong II^SO^ and heat until copious fumes are evolved ; cool, and breathe 
^n the cooled mass ; an ultramarine blue = Mo. 
Confirmation W. — Tested on charcoal with tin, etc., as above, the reduced bead 
is gre€D, the solution is deep blue. 

Ur, Y» Ni.* — The bead in O. F. cold, is colored yellow or 

GREENISH-YELLOW. 

Confirmation U. — The bead in R. F. is dull green, hot ; fine green, cold. Make 
a Na,COj fusion, dissolve in HCl or HjSO^, add a few drops or HjS water, and if it 
gives any precipitate, add it in excess and filter; to filtrate add a few drops of HNOg 
and boil, then add NH^OH to alkaline reaction, filter, wash precipitate with ammonia 
water, and then treat precipitate with a concentrated solution of (NH4),C0j-|- NH^OH, 
filter, acidify filtrate with HCl, and add K^FeCyj. Brown ppt. = Ur. 

Confirmation V.— In R. F. the bead will be brownish hot, fine green cold. Fuse 
substance with Na^O, in O. F., and dissolve fusion in a few drops of dilute HjS04 
or HCl, add a piece of zinc and warm ; blue color changing to green and finally vio- 
let — V. ^0<' ^/a" .A' I ^ 

Confirmation Ni. — A borax bead in O. F. will be intense violet, and in R. F. will 

reddish hot, yellow cold. 



Mn. — The bead in O. F., cold, is colored violet ; if touched 
while hot to a crystal of nitre, it is made deep permanganate color. 

Confirmation Mn. — Fused on platinum wire in O. F.,with a paste of soda, and 
nitre, manganese yields an opaque bluish-green bead. 

Cr. — The bead in O. F., cold, is colored green. V < .-^^ "^ ^ ^'^ 

• If the absence of Ni is not proved, or Co obscures the tests, dissolve the substance 
in borax on charcoal to saturation, and treat for five minutes in hot R. F. 

If a visible button results, separate it from the borax, and treat with S. Ph. in the 
O. F., replacing the S. Ph. when a color is obtained. 

If no visible button results, add either a small gold button or a few grains of test 
lead. Continue the reduction, and, if lead has been used, scorify the button with fre- 
quently changed boracic acid to small size, stopping the instant the boracic acid is 
colored by Co, Ni, or Cu, blue, yellow, or red, respectively. 

Complete the removal of lead by O. F. on coal, and treat as below. 

Treat the gold alloy, or the residual button from the lead alloy, on coal, with fre- 
quently changed S. Ph., in strong O. F. 

The metals which have united with the gold or lead, will be successively oxidized 
and their oxides will color the S. Ph. in the following order : 

Co. — Blue, hot; blue, colcj. May stay in the slag. 

Ni. — BrowDk hot; yellow, cold. May give green with Co or Cu. 

Cu. — Green, hot; blue, cold. Made opaque red by tin and R. F. 

The slag should contain the more easily oxidizable metals, and be free from Cu, 
Ni, and Ag. Test a portion with S. Ph. and tin to prove absence of Cu. If present, it 
most be removed by further reduction with lead. Pulverize the slags and dissolve a 
portion in S. Ph., and examine by Test V. 
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There may be a green bead from admixture of a blue and a yellow. If Cr is not 
proved, examine in such a case for Ur, V, Cr, etc., with unusual care. 

Confirmation Cr. — If the substance is fused on platinum wire in the O.F. with a 
paste of soda and nitre, an opaque yellow bead is produced ; and if the soda bead is 
dissolved in water, filtered, acidified with acetic acid, and a drop or two of lead 
acetate added, a yellow precipitate will be formed. 

Co, Cu. — The bead in O. F., cold, is colored blue. 

Confirmation Co. — The bead is deep blue, hot and cold, in both flames. 

Confirmation Cu. — The bead is green, hot, greenish-blue, cold, and on fusion with 
tin on coal becomes opaque brownish -red. 

With larger percentage of copper, the substance will yield a mixed amre-blne and 
green flame on heatmg with HCl. 

SiO„ AljOj, TiO„ SnO,. — The saturated bead dontains an ap- 
preciable amount of insoluble material, in the form of a trans- 
lucent cloud, jelly-like mass, or skeleton form of the original 
material. 

Confirmation SiO^— Mix the dry substance with a little dry calcium fluoride 
free from SiO^ place in a dry test tube and add cone. H,SO| and heat gently, hold 
in fumes given off, a drop of water in loop of platinum wire ; SiO, will be separated 
on coming in contact with the water and form a jelly-like mass. 

Silica or silicates fused with soda unite with noticeable effervescence. 

Confirmation Al^O^. TiO^, SnO^, SiO.,. — If infusible, moisten the pulverized 
mineral with dilute cobalt nitrate solution and heat strongly. 

AljOj. — Beautiful bright blue. 

TiO,. — Yellowish green. 

SnOj. — Bluish green. 

SiOj. — Faint blue ; deep blue, if fusible. 

There may also be blue^ from fusible phosphates and borates, greens from oxides 
of Zn, Sb, violet from Zr, various indefinite browns and gra}*s, and a very character- 
istic pale pink or flesh color from Mg. 

Confirmation SnO^. — Treat the finely pulverized mineral with Zn and HCl in 
contact with platinum. Dissolve any reduced metal in HCl and test with HgCl,. 
There will be white or gray ppt. 

Ba, Ca, Sr, Mg. — The saturated bead is white and opaque 
and the nearly saturated bead can be flamed white and opaque. 

Confirmation Ba, Ca, Sr. — Moisten the flattened end of a clean platinum wire 
with dilute hydrDChloric acid, dip it in the rua-tcd substance, and heat strongly at the 
lip of the I'lue fl.ime. and gently no.ir the wick. Remoisten with the acid frequently. 

Ba. — \'cllo\vi-h-grecn flanic, Mui<h-;^reen thruui;h green glass. 

Ca. — Vell'.»\vi^h-rcd :hrlck-rcd) llaine, green through green glass. 

Sr. — Scarlet-red flame, faint yellow through green glass. 

There may also be produced Li, carmine-red flame, invisible through green glass^ 
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K, fose-violet flame, reddish-violet through blue glass. Na, orange-yellow flame, 
invisible through blue glass. Cu. azure-blue and emerald green. Se and As, pale 
blue. Mo, Sb, Te, pale green. 

Confirmation Mg. — Moisten the roasted substance with cobalt solution, and heat 
strongly. The substance will be colored pale pink or flesh color, or violet if present 
as either arsenate or phosphate. 

Test VI. — Cupellation for silver and gold. Fuse one vol. 
of the roasted substance on charcoal with i vol. of borax glass, 
and I to 2 vols, of test lead in R. F. for about two minutes. 
Remove button and scorify it in R. F. with fresh borax, then 
place button on cupel and blow O. F. across it, using as strong 
blast and as little flame as are consistent with keeping the 
button melted. If the litharge is dark, or if the button freezes 
before brightening, or if it brightens but is not spherical, re- 
scorify it on charcoal with borax, add more test lead, and 
again cupel until there remains only a bright spherical button 
unaltered by further blowing. 

Ag. — The button is white. 

Au. — The button is yellow or white. 

Confirmation Ag and Au. — Dissolve in a drop of HNO3, and add a drop of 
HCl, producing a white curd-like precipitate. If gold is present there will be a resi- 
due insoluble in HNO3 ^^ich will become golden yellow on ignition. 

Test VII. — Heat substance in matrass with acid potassium 
sulphate. 

NjOj, Br. — Reddish brown vapor. 

Confirmation N^O^. — The gas turns ferrous sulphate paper brown. Nitrates defla- 
l^te violently when fused on charcoal. 

CI. — Colorless or yellowish green vapor, with odor of chlorine. 
I. — Violet choking vapor. 

Confirmation Br, CI, I. — Saturate a salt of phosphorus bead with CuO, add sub- 
stance, and treat in O. F. Br, azure blue and emerald green flame. CI, azure blue 
flame with a little green. I, emerald green flame. 

Fuse with Na,COj, pulverize and mix with MnOg, and add a few drops of cone. 
HjSO^, and heat. CI, yellowisli green gas that bleaches vegetable colors. Br, red 
fumes. 

Fuse with Na,COj, dissolve in water, make slightly acid with H,SO^, and add 
Fc,(S04)j (ferric alum may be used), and -boil; I, violet fumes (turn starch paper 
blue). 




BLOWPIPE ANALYSIS. 

F. — ^The glass of the matrass is corroded, and if SiO, is present 
a film of SiO, is often deposited on the glass. 

CoNPikHATKiN p. — If ihe iiu1»c>ni.'e Iw Tniie<t with nUioi and then healed with 
conceniiMecl lulphurk adil, and ib« TurnM caught on a drop of water held in a loop oF 
platinum wire, |;eliitinuui alto will Corm in ibe walirr. 

Test VIII. — Heat the substance gently with water to re- 
move air bubbles and then with dilute hydrochloric acid. 

CO,. — Effervescence continuing after heat is removed. 

H^, Cl anJ H arc Bomctimct evolvol. Init usually Hie odor will i)i»linguiih 
Iheie. 

CONPIRMATION CO,. — irilic gas i- jia-sM inlu lime w.iler. a while cloud and pjjc 
will be produced. 

Test IX.--Place a piece of Mg wire in a closed tube, and 
cover the wire with a mixture of soda and the substance. 
Heat till the mass takes fire, cool and add water, 

P. — Evolution of phosphine, recognized by odor. 

Confirmation P.— Fuse a little nf the (alMance, previouily roatied if it coninlDs A*, 
wldi two ot three pans Na,CO, and one of NaNO, rfisnolva in UNO,, vaA ad.i ocew of 
tNH(J,Mo(),i yellow PPL = P,Oj. In preicncenf SiO, it ii well to confinn thiippt 
hyditnulvinjf It in dilute Nll((jll, nllowin); it to ttand for half an hour and >illcriD( 
olTanv SiO, that acporatcs, then to filirale adding magnesia mixture |,M|;C1, -f< 
NH,Cl + NH.OH); white p[^, = I',0,. 

Phoiphales yield a pnle monientary blulih fireen Oamc when moi.tened with con- 
centmied H,SO, and treated at the lip of (he blue flame. 

Test X.— Make a paste of four parts KHSO,, one part CaF,,^ 
water and substance. Treat at tip of blue flame. Just afterr^ . 
water is driven olf the flame will be colored. 

B. — Bright green. 

Li. — Carmine. 

CoMPtNMATiON B.— Hcal Kime of the tuhalancc gently on platinum wire, then add ^ 
a droji of concentrated TT,S'_),. hell very gently again, jusi enoiiKh to drive off eaccM 
of H,SO,. dip in glycerine, hohl in flame until glycerine begini to hum, remove fton, 
flame, and ihe nmsi will continue tiuming with ■ green llnme. Turmeric paper, noi)i- 
enad wiili an MCI lolalion coniaining boron and dnt-d ni loo', is turned a reddiili 
brown which ammonia blackenn. 



Test XI. — Make a paste of the powdered substance with 
strong HCI. Treat on platinum wire in the non-luminous 
flame of a Bunsen burner. Confirm results by the spectro- 
scope as directed on page 93. 
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The color imparted to the flame is : 



Na, 


• 

Alone, 

Yellow. 




Through blue glass. • 

Invisible or pale blue 


K. 


Violet. 




Reddish violet. 


Na and K. 


Yellow. 




Reddish violet. 


Ba, Mo, B, 


Yellowish 


green. 


Bluish green. 


Ca, 


Red. 




Greenish grey. 


Sr, 


Scarlet. 




Violet. 



^ f Azure blue, 1 f Azure blue, 

- ^"' i Emerald g^en. | { Emerald g;een. 

Test XII. — Heat the substance in a closed tube.* 

H,0. — Moisture on the side of tube. 

Hg. — Metallic mirror collecting in globules. 

As. — Metallic mirror but no globules. 

Test XIII. t — Treat the finely powdered substance in a test 
^ube with strong HCl. Observe the result, then boil. 

Effervescence. — If the substance is non-metallic the gas given 
off will almost always be COj showing that the substance was a 
carbonate. HjS is easily recognized by its odor. CI which is 
yellowish and very offensive would be given off only in a few cases 
by the action of some oxides on HCl. 

Confirm CO,. — A drop of lime water on the end of a glas$ rod 
held in the gas after it has been passed through water to free it 
from HCl will be rendered turbid. 

Confirm H,S. — A piece of filter paper moistened with lead ace- 
tate will be blackened if held in the gas. 

Confirm CI. — A piece of moistened red litmus paper held in the 
gas will be bleached. 

Gelatinous Residue. — If a gelatinous residue forms after boil- 
ing away the larger part of the acid a silicate was present. 

* Other sublimates may result as noted on page 102. 
f Substitute for test VIII when convenient. 



134 BLOWPIPE ANALYSIS, 

SPECIAL SCHEME FOR DETECTION OF THOSE 
METALS WHICH WHEN PRESENT AS SILI- 
CATES USUALLY FAIL TO YIELD 
SATISFACTORY TESTS BEFORE 
THE BLOWPIPE. 

Remove the volatile constituents as thoroughly as possible by 
roasting, then heat gently in a platinum capsule, with HF and a 
few drops of concentrated H2SO4 as long as fumes are given ofT; 
add a little more HF and HjSO^, and heat again in the same way. 
When fusion is quite cold, dissolve in cold water and filter. 

Filtrate a. — Divide into four parts and test as follows : 

1. Add a piece of Zn or Sn and a little HCl, and heat. 
Ti. — A violet or blue solution. 

Confirmations Ti.— Nearly neutralize solution, and then add Na,S,0,, and boil. 
White ppt. =z Ti. 

Or, make solution slightly alkaline, and then acidify slightly with HCl, and add 
Na,HPO^. White ppt. = Ti. 

2. Add excess of KOH or NaOH, boil and filter, and to filtrate 
add excess of NH4CI. and boil. 

Al. — White precipitate. 

Dissolve ppt., produced by the KOH or NaOH, in HCl, and 
add K4FeCy5. 

Fe. — Blue precipitate. 

3. Add HCl ; then make alkaline with NH.OH and add (NH,^^ 
+ (NHJ,C03 in slight excess, filter; to filtrate add Na^HPO^. 

Mg. — White crystalline precipitate. 

Confirmation Mg. — If phosphates are present, this test would not be reliable for 
Mg. In such cases test a few drops of the solution with HjS; if it causes any precipi- 
tate, saturate the whole of the solution witli it, filler, and to filtrate add a few drops 
of HNO3, and boil to oxidize FeO, nearly neutralize with solution of Na,COj. If 
iron is not present, add a few drops of Ke^Clg, enough to give a red precipitate with 
the sodium acetate, then dilute and add excess of sodium acetate, and boil, filter, and 
to fdtrate add NH/3H -\- (NHJ.^S, filter, to filtrate add Na,HP04. While crystalline 
precipitate := Mg. 

4. Add BaCla as long as it gives a precipitate, then Ba(OH), to 
alkaline reaction, boil, filter, and to filtrate add (NHJ^COj and 
NHjOH and heat, filter; evaporate filtrate to dryness and ignite 
to drive out NH^ salts. Test residue in flame for K and Na; dis- 
solv^e residue in a few drops of water, filter if necessary, and then 
add solution of PtCl4 and alcohol. 
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K. — ^Yellow crystalline precipitate. 

Confirmation Na, K. — Mix i part of the silicate with 5-6 parts of precipitated 
CaCO, and I part of NH^Cl, heat to redness in platinum capsule for thirty ipinutcs 
being careful to apply heat gently at first, digest sintered mass in hot water, and filter; 
to filtrate add (NH^)jCOj and NH^OH, heat and filter, evaporate filtrate to dryness and 
ignite gently until all ammonium salts are driven off, then determine Na and K as 
above. 

Residue a. — Boil with strong solution of (NHJ^SO^ and filter. 
Filtrate b. — Add a few drops of H^S water ; if any precipitate 
forms, saturate with H,S and filter, and to filtrate add NH^OH 

and (NHjjCA- 

Ca. — A white precipitate. 

Residue b. — Moisten with concentrated HCl and try coloration 
of flame. 

Ba. — Yellowish-green flame. 

Sr. — Scarlet flame. 

Confirmation Ba and Sr. — Fuse residue b with two to three pts. of soda in a pla- 
tinum capsule : treat fusion with boiling water, filter, reject filtrate, dissolve residue 
in acetic acid, add a few drops of II,S water, if it gives any precipitate, saturate with 
n,S and filter, and to filtrate add KJZrfi^. Ba ^yellow i)recipate. Filter, and to 
filtrate add G1SO4 warm and let stand. Sr := white precipitate. 
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DESCRIPTIVE MINERALOGY. 



-CHAPTER XV. 

CHARACTERS OF MINERALS. 

LL substances which have 7iot been formed by living growth be- 
to the Mineral Kingdom of Nature ; and, in the broadest 
*, mineralogy treats of all such substances. The magnitude 
jch a Science of Mineralogy has, however, forced an arbi- 
' division. 

MINERAL is now defined to be : a homogeneous substance, of 
lite chemical composition, found ready-made in nature, and 
. product of life. Usually it will be a solid with a crystalline 
:ture. 

INERALOGY in its arbitrarily limited sense considers the one 
sand or so accepted minerals and the many thousands of 
)tful species and varieties. Its primary purpose is the study 
le elementary constitution of the minerals ; their chemical 
position as revealed by analyses ; their molecular structure 
svealed by crystalline form and by physical tests, and their 
n and mode of formation as revealed by associated min- 
, the alterations which they undergo and their synthetic pro- 
ion. 

le consideration of artificial compounds is referred to Chemistry, 
ough the chemist's laboratory and Nature employ the same 
s and produce some substances identical in all respects, the 
ral substances are usually not easily imitated because the im- 
mt element of long periods of time cannot be given to the 
jfacture of the substance. On the other hand most manu- 
red compounds are too soluble and perishable to exist long 
itural salts. 

137 
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A ROCK is a mineral mass of fairly constant character for a con- 
siderable depth and area. It sometimes consists entirely of one 
mineral, much more frequently of two or more minerals, and may 
consist in part of organic remains. 

The resolution of these rocks into their component minerals 
and the study of these minerals belongs to Mineralogy. The 
study of these rocks, as such^ is referred to Petrography and 
Geology. 

In elementary work in mineralogy, especially in a techni- 
cal course, the principal object is the acquisition of an *eye 
knowledge' of the common and commercially important minerals so 
that they may be recognized at sight or determined rapidly by a 
few simple tests. This knowledge can be acquired only by hand- 
ling and testing both labelled and unlabelled specimens, and is 
best preceded by a thorough drill in the use of the blowpipe and 
a study of models and natural crystals. 

CRYSTALS OP MINERALS. 

Natural crystals are rarely ideal in shape and in examining thein 
regard must be paid rather to the recurrence of similar groups 01 
faces than to the actual position or size of the faces. Careful i^' 
spection assisted by rough measurements of prominent angles wi^*^ 
a hand goniometer will usually be sufficient to determine systeti^* 
forms, and often species. 

The different cr>'stals of any substance will usually show one ^^ 
two predominating forms and if from the same locality will sho^^ 
an even greater constancy of habit, so that it is frequently possit^l ^ 
to distinguish between crystals of different minerals closely alike ^^ 
angle by the habit, that is the common association of faces. 

Regular Grouping of Crystals. 

The manner of the grouping of the crystals is sometimes a cha^'' 
acter of importance. Frequently the grouping is irregular an^ 
apparently without law, as in Fig. 308 of Tyrolese epidote, but 3*^ 
other times there is an evident tendency to regular arrangement- 
Twinning has already been described, pp. 65-71, in which the cor- 
responding crystal axes are usually inclined to each other. A 
tendency to parallel arrangement of corresponding axes is also fre- 
quently observed which may be shown either by isolated crystals 
with their axes parallel, as in the case of the quartz crystals 



i 
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^'^'- -i"^' upon feldspar from Japan, shown in Fig. 

^jt^ _^^ 309' Or the crystals may be united in 

^^^m^S/L P^''^"^' '^r approximately parallel position, 

l^to^KB^HuB^ as in the pyromorphite, from Nassau, Fig. 

^^^^^^^^^B^y I" certain instances the of many 

^^HhHBP crystals in approximately parallel position 
results in one larger crystal, either of the 
same form with slightly curved faces as in dolomite, Fig. 311. or 
of a different form, as in the formation of octahedral fluoritc by the 
lunion of cubes. 



ti.i. jon. 



Fio. 31c 








, R.e{;ijlar groupings sometimes occur which arc much less simple 
jtcHaracter than the above, thus Dana describes * crystallised cop- 




per occurring in groups like Fig. 313, com- 
posed of cubes each twinned parallel to an 
octahedral face and these twins united in par- 
allel position so as to form branches at sixty 

degrees to each other as shown in ideal form. 

Fig. 312. 




*Am.Jium. Sit.. XXXII., p. 428, 18S6. 
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Surface Irregularities. 

Etchings. — The perfectly smooth and plane surface is difficult to 
find, frequently the surfaces are more or less corroded by natural 
agencies, and many show natural etch figures similar to the arti- 
ficial etch figures described on p. 148. 

Striations. — Sometimes crystal faces are marked by fine paral- 
lel straight Hnes which are really fine "grooves" each bounded 
by two definite crystal planes. They may result either from a 
contest between two crystal forms as in the case of the striations 
Fig. 314. Fic. 315. 





on the prism faces of quartz. Fig. 3 1 4, which arc due to an alter- 
nate formation of prism and rhombohedron. At other times the 
stria; arc due to a repeated reversal or twinning of small individuals 
which together make the whole crystal. If individuals i, 3 and 
5, are in normal position while the intermediate individuals 2, 4 
and 6, are in reversed position, there will usually result reentantand 
salient angles. If the individuals are thin the reentrant angles be- 
come mere furrows or striations. Fig. 315 shows twinning stri- 
ations on a magnetite crystal from Port Henry, N. Y.* 

Cuiivd Siiifai-fs. — Crj'Stals may appear curved because cofo- 
posod of individual smaller crystals only approximately parallel as 
Vv.. 31G, Fi«. 317. 



in dolomite, Fig. 311.' 
this cause very peciilia 




sidcritc. Sometimes there results from 
.■shapes as in the worm-shaped crystal 
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;;. 316. which is composed of layers, each a hexag- 
il pyramid cut off by tlie basal pinacoid. At other times the 
■ving may be due to pressure after formation, which may be 
ompanied by a breaking of tlie crystal as in the tourmaline 

;-3i/- 

iens. — Foreign substances may be shut in a crystal dur- 
plidification as in the case of drops of water or bubbles 





Iz. or of sand in the crj'stals of calcite called Fon- 
■Mn limestone, Fig. 3 1 8, which while retaining a form proper 
alcite, contain sometimes as much as sixty per cent, of silica. 
X other times the inclusions are material which the process of 
tatlization has tried to eliminate from the crystal. In such a 
the included material is apt to be definitely arranged as in the 
of the magnetite in mica from Chandler's Hollow, Del.,t in 
Ji the magnetite is deposited on the cleavage planes of the 
I and parallel to the mica prism of 120 degrees. Tliis is also 




tratcd by the regular grouping of the purer while and less pure 
; portions in chiastolite as shown in successive sections of a 
taJ in Fig 320. 



J. Batvir, Bcitrdee «ut Morpbologie dn (i^eminci, Ami. 
1893. p. 141 

\, ./Im. J. Sri , XXXIt.,301, 1886. 
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At times definite minerals are included such as ^"^- 3"' 
the little curved crystals of prochlorite (helminth), 
Fig. 321, frequently found in quartz and feldspar, 
or the magnetite in mica just mentioned, while at 
other times the inclusions maybe microscopic crys- 
tals (microlites) or incipient crystals (crystallites) not easily identi- 
fied. 

CRYSTALLINE AOOREOATES. 

While the definite crystal is the simplest proof of that regular 
arragement of particles which is called a crystalline structure this 
structure usually exists even in masses which do not show a single 
crystal face. This is often proved by the fact that either the en- 
tire mass may be split (cleaved) parallel to definite planes or differ- 
ent portions may each be so split parallel to its own set of planes. 
Mineral masses which are not opaque if examined by polarized 
light, as explained later, produce effects upon the light entirely 
different from those produced by 
ranged particles, and in opaques 
be proved by other physical tests. 
Massive and Amorphous. 

All masses which do not show definite crystal faces are said *° 
be wiisshr, whether crystalline in structure or not. If cleava^'' 
polarized light and other tests fail to prove any crystalline stru**' 
turc, the mineral is said to be amorphous. The number of mi * 
erals accepted as amorphous is exceedingly small, but ccrt^-^' 
varieties of minerals which crystallize may, from rapid cooling ^ 
other cause, be apparently amorphous 
Columnar Structure. 

The structure is said to be columnar when the imperfect:^ 
formed crystals arc relatively long in one direction and grouper 
Vir.. 322. Vir.. 323. Fig. 324. 



substance with indefinitely ar- 
the regular structure may 
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2 shows a columnar beryl. The columns may be parallel 
or not. 

(/. — A variety of columnar in which the columns are flat- 
tened like a knife blade, as in cyanite, 

Filirous. — A variety of columnar in which the columns are slen- 
der threads or filaments, as in Fig. 323, of the serpentine asbestos 
of Quebec, Canada. 
Lamellar Structure. 

The structure is said to be lamellar when the imperfectly formed 
eiystals appear as layers or plates, either straight or curved, as in 
the mineral talc, Fig. 324. 

fiiHateii. — A variety of lamellar, in which the plates separate 
easily. 

Miciicanix. — A variety of lamellar in which the leaves can be 
obtained extremely thin, as in the micas. 
Granular Structures. 

The structure is said to be granular when the partially formed 
crystals appear as aggregations of angular grains, which may be 
flWWiT OT fine, as in the marbles. 

Impalpable. — A variety of granular in which the grains are in- 
>'isiblc to the unassisted eye. 
Imitative Shapes. .J|S J 

Many terms are used, based upon a fancied resemblance to some 
tetura.1 object. The more important of these are : 
fifni/orm. — With the general shape of a kidney, as in hema- 
-■ «^»B- 325. 




Salryoiifal. — Having ■something of the appearance of a bunch of 
trapes, being made up of several globular individuals close to- 
fcther, as in chalcedony. Fig. 326. 

JVerfu/ar — Occurring in separate rounded individual lumps or 
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Mammillary. — With low and broad rounded protuberances. 
Used for larger, flatter roundings than botryoidal. 

Oolitic. — Composed of small rounded grains 
like the roe of a fish, as in varieties of caicite and 
hematite, or the hyalite from Japan, Fig. 327. 

Pisolilk. — Similar to oolitic, but the grains 
larger, the size of a pea. 

Sialactitic. — In hanging cones or cylinders 
like icicles, as in caicite or limonite. Fig. 328. 

Ackular. — Rigid and slender like a needle. 
Fig. 3*8- Capillary.— Ym& like hair. 

Plumose. — Like a feather, as in a variety of 
mica from Minot, Me., Fig. 329, 

Shtaf like. — Resembling a sheaf of wheat, 
as in Fig. 650, of stilbite. 

Fic, 329. 





Reticulated. — Crossing like the meshes of a net, as in Fig. 462, 
of stibnite. 

Fig. 330. Fi.:. 331. 




Arhorcscfiit or Dendritic. — Branching like a tree as in copper, 
Fig- 313. or pyrolusite. Fig. 330. 
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Fig. 332. 



Radiating. — Diverging from a common center, sometimes 
ng nearly complete spheres, as in pectolite from Paterson 
531. More frequently forming partial 
spheres, as shown in wavellite, Fig. 553, 
or pectolite of Bergen Hill, Fig. 602. 

Drusy. — Closely covered with minute 
crystals, giving a rough surface like sand- 
paper. 

Geode. — A hollow nodule lined with 
crystals, as in the quartz geode, Fig. 332. 

Incrustation. — A coating or crust. 



form- 
» Fig. 




HARDNESS. 



The resistance of a smooth plane surface to abrasion is called 
its hardness, and is commonly recorded * in terms of a scale of 
ten common minerals selected by Mohs : 



6. Orthoclase, white cleavable. 

7. Quartz^ transparent. 

8. Topaz, transparent. 

9. Sapphire, cleavable. 
10. Diamond. 



I. Talc, laminated. 

, 2. Gypsum, crystallized. 

3. Calcite, transparent. 

4. Fluorite, crystalline. 

5. Apatite, transparent. 

The following scale of Chapman gives about the same results : 

1. Feels soft and greasy and is easily scratched by the finger- 
nail. 

2. Just scratched by the finger-nail. 

3. Scratches and is scratched by a copper coin. 

4. Not scratched by copper, but does not scratch glass. 

5. Just scratches glass ; easily scratched by a knife. 

6. Scratches glass easily. Just scratched by a file. 
7-10. Not scratched by a knife. 

A sharp comer of the substance tested is drawn across succes- 
sive members of the scale, from 10 down, until one is found to be 
scratched. Some inconspicuous but smooth surface of the sub- 

• In more exact testing the crystal may be moved on a little carriage under a fixed 
rertical cutting point and the pressure determined, which is necessary' to produce a vis- 
ble scratch. Other methods are planing or boring with a diamond splinter under con- 
»tant pressure, and comparing the loss in weight for a given penetration or given number 
>f movements. The loss of weight during grinding and the pressure necessary to pro- 
luce a permanent indentation or a crack have also been used as determinants of hard- 
less. 
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stance is then selected and a sharp corner of the scratched standard 
mineral is moved back and forth several times on the same line a 
short distance (^ inch) across the surface. If the mineral is not 
scratched it is harder than the standard used, and the next higher 
on the scale should be tried in the same way. 

If the mineral is scratched it is of about the same hardness of 
the standard. Care must be taken to distinguish between a true 
scratch and the production of a " chalk '* mark which rubs off. 
Altered surfaces must be avoided. 

Or the knife may be used first, the hardness approximately 
judged by the ease with which it cuts the mineral and checked by 
the nearest member of the scale. If the knife does not scratch 
the specimen the harder members, 6 to lo, are used successively 
until one is found which scratches the mineral. 



TENACITY. 

A mineral is said to be 

Brittle, when it breaks to powder before a knife or hammer and 
cannot be shaved off in slices. 

Scctile, when small shavings or slices can be shaved off which, 
however, crumble when hammered. 

Malleable, when slices can be shaved off which will flatten under 
the hammer. 

Elastic, when a thin plate will bend and then spring back to its 
original position when the bending force is removed. 

Flexible, when a thin plate will bend without breaking. 

CLEAVAGE. 

Many crystals break or cleave along more or less smooth plane 
surfaces in certain directions more readily than in other directions, 
and it is found that these directions of cleavage are always par- 
allel to faces of forms in which the substance can crystallize. 

A cleavage face may usually be distinguished from a crj'stal 
face by.its splintery character, and cleavage is often indicated by 
a pearly lustre on a face of the cr}^stal parallel to the cleavage 
direction, the lustre being due to repeated light reflections from 
cleavage rifts. 

True cleavage is obtained with equal ease at any part of a 
crystal, and there is only a mechanical limit in the closeness of 
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le cleavage to the next. The quarter undulation mica plate, for 
stance, is a cleavage of mica of about ^i^Vr "'"'■ '" thickness. 

When cleavage is obtained parallel to one face of a crystal form 
will be obtained with equal ease parallel to all faces of the form. 
jr instance, galenite cleaves parallel to all planes of the cube, 
Icite in three directions parallel to the faces of a rhombohedron 
th diedral angles of 105° 5', as shown in 
g- 333 and barite in two directions parallel ^u;. 333. 

the faces of a prism with an angle of 101° 

Cleavage may be obtained parallel to the 
res of two or more separate crystal forms, 
" instance barite also cleaves parallel to the 
se, giving as a result of both cleavages a 
ape precisely that of Fig. 191. 
The cleavage angles are as exact as the angles between crys- 
faces, and as they can easily be obtained from any of the 
iny possible crystal forms and frequently from the masses, the 
gles of cleavage as well as the ease of cleavage are useful char- 
ters in determination. 

Cleavage is, in general, limited to directions parallel to the 
'ipier and more frequently occurring crystal forms. In the 
**mlric system it is parallel to the cube, octahedron or dodecahe- 
■on. In the tetragonal system it is basal or prismatic and only 
irely pyramidal. In the hexagonal system it is basal, prismatic 
r rhombohedral but rarely pyramidal. 

In the other systems the arbitrary selection of axes prevents a 
mple classification of the cleavages, but the selection usually 
akes one direction of cleavage piuacoidal and two of equal ease 
■ismatic. The cleavage form is usually chosen as the unit form. 
Cleavage is said to be perfect or eminent when obtained with 
eat ease, affording smooth, lustrous surfaces. Inferior degrees 
ease of cleavage are called distinct, indistinct or imperfect, inler- 
pted, in traces, difficult. 

Cleavage is usually obtained by placing the edge of a knife or 
lall chisel upon the mineral parallel to the supposed direction of 
;avage and striking a quick, sharp blow upon it with a hammer. 

some instances the cleavage is produced by heating and sud- 
nly plunging the mineral in cold water. 
Frequently the cleavage is made apparent during the grinding 

a thin section. 
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Sudden heat alone will often produce decrepitation and with 
easily cleavable minerals the fragments will J3e cleavage forms. 



FRACTURE. 

When the surface obtained by breaking is not a plane or a step- 
like aggregation of planes it is called a fracture and described as : 
Conchoidal, rounded and curved like a 
Fig. 334- shell. Fig. 334. 

Even, approximately plane. 
Uneven, rough and irregular. 
Hackly, with jagged sharp points and 
depressions as with metals. 

Splintery, with partially separated 
splinters or fibres. 




In 



GLIDINO PLANES. 

, few minerals, calcite, pyroxene, stibnite, halite, etc., it has 



been observed that pressure in certain directions ivill either produce 
a separation along a definite plane, which is not a true cleav^e 
plane, or else will develop a twin structure (secondary twinning) with 
this " gliding plane " as the twin plane. 

If a cleavage of Iceland spar is placed, as in Fig. 335, with an 
edge ad of the larger angle resting upon a steady support and the 



^■'<;. 335- 



Fig. 336. 





blade of a knife is pressed steadily, as by a vise, at some point ( 
of the oppo.sitc edge, the portion of the crj-sta! between /' and e will 
be slowly pushed into a new position of equilibrium as if by rotation 
about fghiii until the new face i^c'h and the old face gch makf 
equal angles with fghiii. 
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PARTING. 

The planes along which a gliding has occurred may thereafter 
)e planes of easy separation or Parting ^^ differing from true cleav- 
ige, however, because in parting the easy separation is limited to 
:he planes of actual gliding, while true cleavage is obtained with 
equal ease at all other parallel planes. Fig. 336 shows parting in 
pyroxene. 

PERCUSSION FIGURES. 

If a pin or a rod with a slightly rounded point is pressed against 
i firmly supported plate of mica and sharply tapped with a light 
lammer, three planes of easy separation will 
>e indicated by little cracks radiating f from Jg^337- 

he point, Fig. 337, the most distinct of which 
s always parallel to the clino pinacoid, the 
)thers at an angle ;ir thereto which is 53° to 
;6° in muscovite, 59° in lepidolite, 60° in 
)iotite, 61° to 63° for phlogopite. 

In the same way on cube faces of halite a 
ross is developed with arms parallel to the 
liagonals of the face. On an octahedral face a three-rayed star 
5 developed. 

ETCHING FIGURES. 

When a crystal or cleavage is attacked by any solvent the action 
)roceeds with different velocities in crystallographically different 
lirections, and if stopped before the solution has proceeded far, the 
:rystal faces are found to be pitted with little cavities of definite 
hape. 

The absolute shape varies with many conditions; time, tempera- 
ure, solvent, crystallographic orientation and chemical composition. 

The figures, whatever their shape, conform in symmetry to the 
:lass to which the crystal belongs, and are rarely forms common 
o several classes. They are alike on faces of the same cr>^stal 
brm and generally unlike on faces of different forms, and serve, 
herefore, as an important means (perhaps the most important) for 
determining the true grade of symmetry of a crystal and also for 
•ecognizing and distinguishing faces. 

* Similar planes of easy separation may be due to other causes, for instance, during 
he growth of a crystal the planes at certain intervals may be coated with dust or Bne 
amellae of a foreign substance and later the crystal may grow further. This may be 
'cpeated several times, forming thus parallel planes of easy separation, e. g. , capped quartz. 

f By pressure alone three cracks diagonal to these are developed. 
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Fig- 338 shows the shape and direction of the etchings upon a 
cube of pyrite. These conform to the symmetry of the group of 
the diploid, p. 21. On the other hand the etchings upon a cube 



Fig. 338. 



Fig. 339. 
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of fluorite, Fig. 339, show a higher symmetry corresponding to 
that of the hexoctahedral group, p. 1 2. 

The etchings of wulfenite. Fig. 341, show the mineral to belong 
to a class of lower symmetry than that suggested by the form, 



Fig. 340. 



Fig. 341. 





while the etchings of pyroxene, Fig. 340, like the form are sym- 
metrical to one plane. 



SPECIFIC GRAVITY. 

The specific gravity of a substance is its weight divided by the 
weight of an equal volume of distilled water. 

The Jolly balance, Fig. 342, is a simple piece of apparatus for 
obtaining the specific gravity of a solid. The lower scale pan is 
kept siihiticrgcd ; three readings are made by noting the heights at 
which the index on the wire and its image in the graduated mirror 
coincide with the line of sight when the spiral comes to rest. 
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Fig. 342. 




A, Instrument reading with nothing in either 
scale pan. 

B, Reading with mineral in upper scale pan. 

C, Reading with same fragment transferred to 
ower scale pan. 

-^ 7=. = Specific Gravity. 

In using an ordinary chemical balance the 
Vagment is first weighed and then suspended 
rom one scale pap, by a hair, or very fine plat- 
num wire, in a glass of water and reweighed. 
The weight of platinum wire must be deducted. 

Specific Wt. in air 

Gravity "" Wt. air — (Wt. water — Wt. wire)* 

Very porous minerals and powders are deter- 
nined by weighing in a little glass bottle the 
topper of which ends in a fine tube. The min - 
rral is weighed and the bottle full of water is also weighed. The 
nineral is then added to the bottle and displaces its bulk of water, 
Lnd the difference between the weight and the sum of the other 
wo weights is* the weight of the displaced water. 

The material must be pure and for careful work should be boiled 
o expel air and allowed to cool in the water. 

Use of Heavy Liquids. 

There have been used for specific gravity determinations, but 
more especially for separating minerals of different specific gravities, 
a number of different liquids of which the best are : 

Tlwulet Solution. — Mercuric iodide and potassium iodide, in the 
ratio of five parts to four by weight, are heated with a little water 
until a crystalline scum forms, then filtered. The maximum spe- 
cific gravity is nearly 3.2 and may be lowered by the addition of 
water to any desired point. 

Klein Solution. — Cadmium borotungstate with a maximum spe- 
cific gravity of 3.6. 

Brauris Solution. — Methylene iodide CHjIj with a maximum 
specific gravity of 3.32 which can be lowered by the addition of 
toluol. 
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Penfield Solution. — Silver thallium nitrate which is liquid at 75° 
C, has a maximum specific gravity of over 4.5 which can be low- 
ered by the addition of hot water. 

In all of these the method of determining the specific gravity of 
a mineral, necessarily lighter than the liquid, is to add the diluent 
drop by drop until the mineral fragment will yV/j/ float or if pushed 
in will stay wherever pushed. 

For determining the specific gravity of the liquid the most con- 
venient balance is that of Westphal, Fig. 343. The beam is gradu- 
ated in tenths and the weights A, B and C are respectively unit, 
1^ and 3-^^. 



Fig. 343. 




The balance is so constructed that when the thermometer float 
is suspended in distilled water at 15° C. a unit weight must be 
hung at the hook to obtain equilibrium. 

If then the test tube is nearly filled with the heavy liquid and 
weights added until equilibrium is secured the specific gravity is 
known. 

For instance in the figure the weights employed are : 

Unit weight at hook, value i .000 

Unit weight at sixth division, value 0.600 

tV ^^'^''8^^^^ "^^ sixth division, value. 0.060 

j^^ weight at ninth division, value 0.009 

Specific gravity 1.669 



CHARACTERS OF MINERALS, 153 

rough determinations a series of stoppered tubes containing 
IS of known density is very convenient. 

TASTE. 

2 minerals have a decided taste which is usually either : 

ngent, the taste of alum. 

le or Salty, the taste of common salt. 

r, the taste of epsom salts. 

line, the taste of soda. 

, the taste of sulphuric acid. 

ng, the taste of nitre. 

r«/, the taste of sal-ammoniac. 

ODOR. 

:-s are rarely obtained from minerals, except by setting free 

olatile constituent. The terms most used are : 

ir, the odor of garlic obtained by heating minerals contain- 

enic. 

ieradish, the odor of decayed horseradish obtained from 

Is containing selenium. 

hurous, the odor obtained by heating sulphur or sulphides. 

\ the odor obtained by dissolving sulphides in acid. 

mnoJiSy the odor of bitumen. 

llaceouSy obtained from serpentine and some allied minerals, 

oistening with the breath. 

FEEL. 

is indicating the sense of touch are sometimes useful. 

?///, like celadonite or sepiolite. 

% like talc. 

r// or Meagre, like aluminite. 

, distinguishes gems from glass. 

"^res to tongue. 



CHAPTER XVI. 

OPTICAL CHARACTERS. 

LUSTRE. 

The lustre of a mineral is dependent principally upon refractive 
power but in part upon its transparency and structure. It may be 
called the kind of brilliancy or shine of the mineral. 

Metallic lustre is the lustre of metals. It is exhibited only 
by opaque minerals. 

Non-metallic lustre is exhibited by all transparent or trans- 
lucent minerals. It may be vitreous, adamantine, resinous, pearly, 
silky, greasy or waxy. 

Vitreous, the lustre of a fractured surface of glass or of quarts 
crystals. 

Adamantine, the almost oily lustre of the uncut diamond or 
cerussite, exhibited by minerals of high idex of refraction. 

Resinous, the lustre of resin or sphalerite. 

Greasy, the lustre of oiled glass or elaeolite. 

Pearly, the lustre of the mother of pearl or of foliated talc 
Common parallel to a very perfect cleavage. 

Silky, the lustre of silk or of satin spar, requires a fibrous struc- 
ture. 

Didl. Without lustre or shine of any kind. Kaolin is a good 
example. 

The prefix sub, as sub-metallic, sub-vitreous, is used to express 
an imperfect lustre of the kind. 

The words splendent, shining, glistening, glimmering and dull 
are terms of intensity dependent on the quantity of light reflected. 

Lustre should, when possible, be determined by a comparison 
with minerals of known lustre, and should always be observed on 
a fresh or unaltered surface. 

The degree or kind of lustre is always the same on like faces of 
the crystal, but may be different on unlike faces, as in the pearly 
basal plane of apophyllite and the vitreous prismatic faces. 
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The color of minerals is one of their least definite characteristics, 
oJ^n varying with different specimens of the same species, and 
jornetime^ within the widest limits. Minerals of metallic or sub- 
picrtallic lustre varj' much less in color than non-metallic minerals 
3n<l ''"■''■■ color is, therefore, a more useful characteristic. It varies 
from tarnish and should be observed on fresh fracture. 

In describing color, white, gray, brown, black, blue, green, yel- 
lo^v and red are used, often with prefixes, which suggest the color 
or some familiar object, These need no explanation. 

/fay or Change of Colors. — A more or less rapid succession of 
prismatic colors appearing as the mineral is turned. 

iridescence. — Prismatic colors, either from the interior of a min- 
craJ . as from a thin film of air between cleavages ; or an external 
thin film due to some coating or alteration. 

CZolor is frequently due to a few hundredths of one per 
cer**- of some oi^anic or, more rarely, inorganic substance dissolved 
in tlie mineral, or it may be due to larger amojints of mechan- 
ical ly included foreign material, 

garnish. — A surface which ha.s been exposed to the air or to 
inc:>asture is often of different color from the fresh fracture. 

Opalescence. — A milky or pearly reflection, sometimes an effect 
or crystalline structure at other times due to fibrous inclusions. 

-risrensm. — A star effect by reflected light as in the ruby or by 
trajismitted light as in mica and due to structure planes or symmet- 
rically arranged inclusions. 

f^hosphorescence. — The emission of light by a substance after 
expcjsure to light, heat, friction, mechanical force, or an electrical 
discliarge. 

.^^hioreseence. — The emission of light during an exposure to 
I'gV^t as when colorless fluorite colors a ray of sunlight pale violet. 



"The streak of a mineral is the color of its fine powder. It is 
■^Sually obtained by rubbing the mineral on a piece of hard white 
'*iaterial such as novaculite or- ujiglazed porcelain, or it may be 
*^t»tained less perfectly by scratching the mineral with a knife or 
•ile, or by finely pulverizing a fragment of the specimen. The 
^trcak often varies widely from the color of the mass and is nearly 
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constant for any species. When not white it is a characteristic 
very useful in determination. 

TRANSLUCENCY. 

The translucency of a mineral is its capacity to transmit light. 

A mineral is said to be : 

Transparent, when objects can be seen through it With clearness. 

Subtrans parent, when objects can be indistinctly seen through it. 

Translucent, when light passes through, as through thin porce- 
lain, not enough to distinguish objects. 

Subtranslucent, when only the thin edges permit any light to 
pass. 

Opaque, when no light appears to pass even through thin edges. 

THE OPTICAL CHARACTERS AS INDICATORS OF CRYSTALLINE 

STRUCTURE. 

Light is transmitted in straight lines by vibrations of a so-called 
'^ ether'' which fills all space even between the particles of solids. 

REFRACTION. 

When a ray of light passes from one substance into another in 
which its velocity is different, the ray is bent or refracted. 

Index of Refraction. 

The amount of bending * is found to be such that whatever the 

V sin / 
direction of the incident ray, — = . — that is the ratio between 

the sines of the angles of incidence and refraction is constant and 
is called the Index of Refraction of the second substance with 
respect to the first. 

Usually the index recorded is that of the second substance with 
respect to air. Denoting the velocity in air by v and the indices 



*The amount of bending may be graphically found by the construction of Sncl- 
lius, Fig. 344, R^ is a sphere with radius the index of refraction of outer medium. A',, & 
sphere with radius the index of the crj'stal. Prolong /O to T, Draw Z'^" parallel the 
normal 0I\\ then is O.S" the refracted ray, and ^3' the corresponding reflected ray. 

Intrianj,de OSY, OS : C; K - sin OYS -. sin OSY, but OS—n, OY~n^, OYS- 
OTY'. : /, and OSY = p hence suljstituting 

sin ; 
n : //| — sm p, or n _- n^ 

sin /> 
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of the first and second substances with respect to air by n^ and «, 



we have 



7t, = — and ;? = — 



and substituting these values in the formula we have as the index 
of the second substance 



sin t 



71 = n. 



' sin p 

Normal Incidence. 

There is no refraction for 7ior- 
jfial iticidetice, for sin / == o, hence 

o 



;/ =: 



sm p 




which, since « is a finite quantity, 
is only possible if p = o. 

Refraction in Plane-Parallel Plates. 

Since most of the tests hereafter described are made upon plates 
of crystals with plane parallel sides, it is important to note that in 
such plates the ray emerging is parallel to the entering ray, for at 
entrance. Fig. 345, 



Fig. 345. 



n := 71, 



sin t 
sin p 



and at emergence 71^== 71 — 



sin /, I 



sin />j 



, 7t sin t 

whence — = 

«i 



sin />j 
sin /" 



sin p 
but i^ = p; hence i = p^ 



1 




TOTAL REFLECTION. 



When the index of refraction //j of the first substance is greater 
than 7t of the second substance, there is a so-called " critical " 
angle of incidence for which the angle of refraction is 90° ; that is, 
the refracted ray travels along the border surface. 



7t 



If p i= 90°, sin p = I ; hence, ;/ = ti^ sin 7, or sin i = — . 



7t. 



For any angle of incidence greater than this the light is totally 
reflected. 
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DOUBLE REFRACTION. 
If an object is viewed through a moderately thick transparent 

cleavage rhomb of calcite,* it will appear to be double, as in Fig. 
346. If such a cleavage is mounted so 
that it can be revolved about a hori- 
zontal axis normal to a vertical face, 
any light ray, IT, normally incident, 
Fig. 348, at the vertical face, is trans- 
mitted in the rhomb as two rays of es- 
sentially equal brightness (giving two 
images of any signal), and as the rhomb 

is turned about the axis one of these remains fixed in position, the 

other moves around the first. 

With single refraction and normal incidence the fixed image 

only would have been seen, hence this is called the ordinary and 

the movable image by contrast the extraordinar}: 




Fig. 347. 



FIG. 348. 




That some peculiar change has taken place other than the di- 
vision of the one ray into two may be shown as follows : 

Let one of the two rays be shut off and the other viewed through 
a second calcite rhomb similarly mounted, this ray is again split 
into two rays, an ordinary and an extraordinary, but these art: no 
loiij^er of equal (mghtncss, but wax and wane in turn, the sum of 
their intensities remaining constant. 
Planes of Vibration. 

The changes in intensity as the second rhomb is turned, corre- 
spond exactly to the as.sumption that the vibrations of common light 
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onverted by the first calcite into two sets of straight-lined 
it right angles to each other, the one parallel to a plane 
and IT, Fig. 34S, the other at right angles to this 
c second calcite in the same way resolves the ' polar- 
om the first into components varying in intensity ac- 
:he relative positions of the calcites. 
ations of litlii-r the extraordinary or the ordinary ray 
mrallel to ac, but we shall hereafter assume tlmt the 
' the extraordinary ray are in a plane through tlie axis c, 
' the ordinary are at right angles to this plane. 

mplion (he so-called ■' Plant of PoIariLalioa " of Malus is at right angles 
vibration ; Ihnl is, Ihe plane of poiariuilion of the Brdinary ray is a 
he axis c, and Ihe plane of polarization of the rxlraordinary ray is at 
this. See Moses's Characters of Crystals, p. 98-100. 

I of Plane Polarized Light. 

iLARiZED LIGHT may be produced from common tight. 

eflection at a particular angle of incidence (tan i — n), 

ns being at right angles to the plane of reflection (plane 

ident and reflected ray). 

^fraction through a series of parallel 

, each plate increasing the proportion 

1 light. In this case the vibrations 

lane of reflection. 

d (d) common light is always present, 

luble refraction and total reflection of 

ays as in the so-called Nicol's prism, 

a cleavage of calcite with a length 

its thickness, Fig. 349. 

.all rhombic faces at 71° to the edge are ground 
eed by faces al 68° to the edge. The prism is 
h by a plane at right angles both to the new ler- 
(o the principal section. The parts arc carefully 
menled by Canada balsam, the indei of refrac- 
\ 1.54 or about that of the extraordinary ray ii/, 
e, passes through the bnUam with but little 
lion 1 the ordinary' ray ii, however, with an index 
1.658, being incident at an angle greater than its 
1 totally reflected. 

ation direction of the emerging light 

1 the shorter diagonal of tiie face of the nicol, as shown 



Fig. 349. 
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id) By double refraction and absorption. Certain substances 
absorb one ray much more rapidly than the other, hence thicknesses 
can be chosen for which one ray is totally absorbed, the other 
being partially transmitted with vibrations all in one plane. Tour- 
maline is often used, as in this mineral the ordinary ray is much 
the more rapidly absorbed. 

Polariscope for Parallel Light. 

The essentials of a polariscope for parallel light are shown in 
F^g- 3 SO- The mirror 3/ sends parallel rays through the lower 

lens X, which concentrates them at the center of 

Sthe polarizer P\ this point is also the focus of the 
-^ equivalent upper lens L. On emergence from L 
the rays are again parallel, and undergo double re- 
fraction in the plate 5 of the substance. At what- 
ever angle the parallel rays are incident at the plate 
5, each ray, as AB, Fig. 35 1, is broken into two rays 
BC and BD, vibrating in planes at right angles to 
each other and following different paths in tl\e plate. 
On emergence they follow parallel paths. Among 
the incident rays there are rays EG and FH such 
that the ordinary component of FH will emerge at 
D with the extraordinary of AB and the extraor- 
dinary component of EG will emerge at C with the 
ordinary of AB. 

That is from every point of the upper surface there 
will emerge the ordinary component of one ray and 
the extraordinary of another, and these rays will 
have travelled over slightly different paths in the plate with differ- 
ent velocities, their vibrations being at right angles to each other. 

To produce an interference effect these vi- 
brations must be made parallel. A second 
polarizer, A, called an analyzer is, therefore, 
placed in the path of these rays and resolves 
them into components, the vibrations of which 
are in and at right angles to the plane of vibra- 
tion of A, and onlv the former are transmitted. 
That is, there emerge from A rays advancing 
in the same line and witli parallel vibrations. 
ii these vibrations are alike in phase the intensity of the resultant 
ray will be proportionate to the square of the sum of their ampH- 




- Jf 



Fig. 351. 
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t if unlike in phase the intonsity will be proportionate to 
lare of their difference, 

isual apparatus employed for parallel light effects is a polar- 
' (ring (or petrographical) microscope. Fig. 352, shows the most re- 
cent simple type of Fuess. The 
lo*cr nicol is raised or lowered 
by the lever It, the objective is 
held in place by the clip k and is 
centered by the screws c. The 
upper nicol N is thrown in or out 
by a horizontal motion and the 
tc/escope is raised or lowered. 

Convergent light effects are 
obta.ined with a high power ob- 
jective, by swinging a small con- 
*tr^ent lens over the lower nicol, 
^ a lever not shown, raising 
be nicol by /( till it touches the 
In ^, removing the eye piece and 
p«=»T:ing into the tube. 
t ^Extinction " and " Intcr- 
"f erence " Bct'wecn Crossed 
"Hicols. 

When the planes of vibration of 
k e polarizer Pand anal>-zer A are ■ 
- right angles the arrangement 
i usually described as ■■ cros.sed 
icols " without regard to the type ui" \fu 
^^th crossed nicols none of the iiglit frc 

rate the analyzer and the field must be dark. If the doubly re- 
rVacting crystal section S, Fig. 350, is introduced between the nicols, 
■%Jie field can only remain dark when the planes of vibration of the 
»ays produud in the stctinii coincide with the planes of vibration 
of the nicols. By rotating the stage of the microscope these so- 
called Extinction directions arc found by the darkening of the field. 
For all other positions the field will be illuminated by the compo- 
nenis of the rays which penetrate the analyzer and this brighten- 
ing will be most intense for the diagonal pcsitions. 

With monochromatic light the field will also be darkened, be- 
of destructive interference, whenever the faster of each pair 




1 the polarizer can pcne- 
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of rays is just one, two, three, etc., wave lengths, of the light used, 
ahead of the slower ray for, Fig, 353, if PP^XiAAA are the 
vibration directions of polarizer and analyzer and RR,DD those 
of the plate, then, since the vibrations are in the same phase, the 
components on PP will he Or and Os which in turn yield com- 
ponents on A A of O a and a^, equal and opposite. That is the 
light vibration is stopped. 






On the contrary the field will be brightest when the faster ray is 
ahead \l, f^, ^^, etc., for in Fig. 354, since the vibrations are in 
opposite phase, the components of PP are Or and Os and yield as 
components on A A, Oa and Oa^ equal and in the same direction. 

A wedge of doubly refracting sub- 
stance, since the difference in path must ^*°* 355- 
increase with the thickness, will show, in 
monochromatic light, dark bands at reg- 
ular intervals, varying with the color of 

the light used and corresponding to differences between 
the emerging rays of one, two, three, etc., wave lengths. 

J. -6 Interference Colors with White Light. 

The difference between the two rays or " Retarda- 
tion," A, as it is called, depends upon three factors: 
(a) the material, {i?) the direction of transmission or 
orientation, {c) the thickness of the section. These 
being known A is known. 

But this retardation A may be at the same time ap- 
proximately an even multiple of the wave-length of 
light of one color and an odd multiple of the wave- 
length of light of another color. That is, the light of the 
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olor would be very much weakened while that of the second 
would be at nearly its full intensity and instead of white light 
would result a tint due to a 
[nation of these and other un- 
ly dimmed colors, 

-iscope for Convergent Light. 

the addition of a lens or system 
ises of short focal length just 
: the plate S and a correspond- 
'stem Just below the plate, Fig, 
rays are simultaneously sent in 

directions through the plate S. 
ach direction the same extinction 
nterference phenomena occur as 

described for parallel light and 
;sult is an " interference figure " 
rture, the shape, brightness and 
af which depend upon the struc- 
)f the plate for all the directions 
-sed by the rays. 
[. 3S7 shows the Norrembei^ 
iscope arranged for convergent 

e, y are collecting lenses on each 

if the polarizer, above e' are four 

convex lenses, w, forming the 

:nser and just over these the 

a separate tube system above are 
ijective, composed of four similar 
-convex lenses t>, and at their 
plane the glass plate r, on which 
ss and a scale are marked ; the 
; there formed is magnified by / 
iewed through the analyzer ^. 
removal of n, 0, r and / the apparatus yields parallel rays. 




CHAPTER XVII. 

OPTICAL CHARACTERISTICS OF THE DIF- 
FERENT CRYSTAL SYSTEMS. 

OPTICALLY ISOTROPIC (ISOMETRIC) CRYSTALS. 

Any homogeneous isometric crystal will show the same optical 
properties in all directions, that is, will be optically isotropic^ and 
will be singly refracting* with the index of refraction constant for 
all directions in the crystal. 

It is evident, therefore, that there can be no interference phe- 
nomenon produced when a plate from an isometric crystal is 
viewed between crossed nicols and since the plate will transmit vi- 
brations in any direction with equal facility the light from the 
polarizer will be transmitted without change and will all be shut 
out by the analyzer. That is, the field will remain dark zvhatever 
the position of the plate ^ both in parallel and convergent polarized 
light. 

Measurement of the Index of Refraction of an Isometric 
Crystal. 

Each substance will have its characteristic index of refraction for 
light of each wave length, which may be determined either : 

{a) By measuring! the ** angle of least deviation " in a prism 
with the goniometer. Fig, 273, or a similar instrument. That is 
a ray of monochromatic light entering at one face of a prism of 
known angle, and emerging at the other will be deviated from its 
course. For one position of the prism, found by trial, this devia- 
tion 5 is a minimum and bears a definite relation to the index of 
refraction ;/ and the angle of the prism x expressed by 

__ sin i (5 + X) 

n ; — . 

sm i X 

* With the exception of certain salts the crystals of which show in every direction 
the phenomenon called circular polarization. 

t A. J. Moses Characters of Crystals pp. 95 and 122. 
%Ibidy p. 88. 
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{b) By measuring the angle of total reflection* in a polished 
plane surface. The crystal plate is suspended so as to revolve 
about a vertical axis in a plane fronted vessel filled with a liquid of 
higher refractive index than the crystal. Diffused 
light is admitted to the vessel from the side and ^'°- 358. 

the crystal is viewed by a telescope fixed normal 
to the plane front. For one position the field 
of the telescope appears as in Fig. 358. The 
light is then admitted at the opposite side and 
the plate turned until the field is again half light 
half dark. The angle between these two posi- 
tions is twice the critical angle, and the index of the solid is given 
by n = n^ sin / in which n^ is the known index of the liquid. 

Corrections have to be made if the temperature varies, as this 
changes the index n^ of the liquid. 




OPTICALLY UNIAXIAL CRYSTALS. 

TETRAGONAL AND HEXAGONAL CRYSTALS. 

By measurement of the indices of refraction of tetragonal and 
hexagonal crystals for different directions of transmission it is 
found ; 

I ^, That rays transmitted in the direction of the vertical axis are 
singly refracted, but rays in all other directions are doubly re- 
fracted. 

2°. That the index of refraction of the ordinary ray is constant 
for all directions of transmission. 

3°. That the index of refraction of the extraordinary ray is 
always the same for directions making equal angles with the ver- 
tical crystal axis ^, but varies with directions at different angles. 
For the direction parallel to c it is equal to that of the ordinary 
and differs most from the ordinary for the direction at right 
angles to c . 

Optic Axis and Optical Principal Sections. 

The crystal axis c is evidently an axis of optical isotropy, and 
is called the optic axis, and any plane through it is an optical 
principal section. 

* Jbid^ p. 90-95. 
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Positive and Negative Crystals. 

Let a and c denote * the vibration directions of the fastest 
and slowest rays, that is of the two rays transmitted normal to 
the optic axis. Then arbitrarily the distinction is made + = 
c II r and — = a || r. That is in positive crystals the vibration 
direction of the slowest ray is parallel to the optic axis, whilejin 
negative crystals the vibration direction of the fastest ray is 
parallel to the optic axis. 

Or if <j and e are the indices of refraction of the corresponding ordinary and extxa- 
ordinary rays, the above convention would mean| Positive e > «. Negative « >> e. 

Strength of Double Refraction. 

The value of ;*— a is called the "strength of double refraction" 
or frequently the ** double refraction *' of the mineral and is an im- 
portcint character. 

Measurements of Principal Indices of Refraction. 

The indices a and y of the fastest and slowest transmitted rays 
may be obtained by either of the methods described, on the follow- 
ing page, provided the direction of transmission, is at right angles to 
the optic axis. Two images (or limit lines) will be obtained, which 
may be in the field of the telescope at the same time, or may be 
wide apart. These may be distinguished by a nicol's prism, 
which transmits vibrations parallel to its shorter diagonal. The 
character results from c || ^=+ or a || r =— . 

INTERFERENCE PHENOMENA BETWEEN CROSSED NICOLS 

WITH PARALLEL POLARIZED LIGHT. 

The polarizing microscope is nearly always used, the cross hairs 
being parallel to the vibration planes of the polarizer and analyzer. 
Sections of the crystals are cut with parallel faces, normal to the 
desired direction of transmission, and are revolved upon the micro- 
scope stage. 

/;/ sections normal to the optic axis the field remains dark 
throughout the entire rotation of the stage. 

/;/ all other sections there is double refraction. The field is 
dark (extinction) at intervals of 90°, and brightest at positions 
diagonal to these, and with white light interference colors result 
as described, p. 161. 

^ a and c are used frequently to denote axes of elasticity in these directions. 
f Positive c parallel c means extraordinary is slower, hence has laiger index. 
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The extinction directions in tetragonal and hexagonal crys- 
tals are either parallel or symmetrical to cleavage cracks and crys- 
tal outlines. Maximum darkness is not as easily judged as color, 
hence, if the field is make red or violet by a gypsum or a quartz 
test-plate, and the mineral inserted so as to only partly cover the 
field, it will, for the extinction positions, appear of the same color 
as the rest of the field. 

The Interference Color as a Test. 

The vibration directions of the faster and slower rays can be dis- 
tinguished by nveans of the interference colors developed with white 
light. 

The extinction directions in the section are found and placed in 
diagonal position, a test plate of some mineral, in which the vibra- 
tion directions have been distinguished and marked, is inserted be- 
tween the nicols (in a slot provided) with these directions also diago- 
nal. If the interference color is thereby made higher, as shown by 
the color chart, the vibration directions of the corresponding rays 
are parallel ; if the color is lowered, the corresponding directions 
of vibration are crossed. 

The test plates most used are : 

Quarter Undulation Mica Plate. — A thin sheet of mica on which is marked 
C, the yibration direction of the slower ray, which in mica is the line joining the optic 
axes. The Ihickness chosen corresponds to a i^Ofifi which is |A for a medium yellow 
light. 

Gypsum red op First Order.— > A thin cleavage of gypsum on which is usually 
marked a, the Yibration direction of the faster ray. The thickness chosen corresponds 
to an interference color of red of first order, or say 560////, which is essentially /. for a 
medium yellow. 

The approximate retardation or difference in phase of the tivo rays 
may also be measured by placing the extinction directions in 
diagonal position and inserting a ** wedge " with the corresponding 
vibration directions crossed and running the color down to black. 

The wedges most used are : 

Quartz Wedge. — A thin wedge of quartz, cut so that one face is exactly parallel 
to the optic axis. The length of the wedge is parallel to the optic axis, and as quartz 
is positive this direction is c» the vibration direction of the slower ray. 

The v-Federow Mica Wedge. — Fifteen quarter undulation mica plates super- 
posed in equivalent position, but each about 2 mm. shorter than the one beneath it. 

The mica wedge inserted with corresponding vibration directions 
crossed over those of the section will for each interposed plate reduce 

J by 140 nil. To render the field dark will require = ;/ plates. 

Conversely n, x 140 = J, in which ;/ is determined by count. 
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, The quartz wedge similarly used will give an approximate value 
I by counting the number of times the original color reappears, if 

times, then is the color a red, blue, green, etc, of « + i order, for 
L which the value may be looked up in a chart. 
I The approximate strength of the double refraction will result by 
I dividing the value of J by the thiclcness of the section in milltonths 

of a millimeter. 

INTERFERENCE PHENOMENA BETWEEN CROSSED NICOLS 
WITH CONVERGENT LIGHT. 
Ih sections normal to the optic axis with monochromatic ligb 
there will always appear a dark cross, the arms of which intersc 
in the center of the field, and remain parallel to the vibration plane 
of the nicols during rotation of the section. 

Any ray will vibrate either in or normal to a plane through the 
ray and the optic axis. Hence the rays transmitted parallel to tl 
vibration planes of the crossed nicol 
"^* ^^^' have their vibrations in these plane 

and are totally extinguished. 
the stage is rotated successive iay» 
come into these positions maintain- 
tng the same effect. 

Destructive interference will take 
place at those points at which t 
■' Retardation A " is equal to or 
\\\o or three, etc., wave lengths a 
the light used, p. i6i. Therefor* 
because the optic axis is an axis a 
isotropy, there will be dark circuiat 
rings around the center of the cross at distances apart varying w 
the crystal and the thickness of the crystal section. In sections tk 
the same mineral the thicker the section the closer the rings, while 
in sections of different minerals but equal thickness the greater tl 
value of J- — « the closer the rings. 

With white light the rings become rings of color corrcsponcMi^ 
to the Newton colors. 
Determination of Optical Character of Crystal. ^^ 

The Mica Test I'late inserted above a section normal to th 
optic axis with its direction c diagonal to the nicoU will destroy til 

'A. J. Mules Characters oF CryiUls, p. loj. 
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black cross and break the rings into four quadrants, the relative 
effects in positive and negative crystals being shown in Figs. 360, 
361. The corresponding signs + and — are suggested by the 




relative positions of the dark flecks and the arrow showing the 
direction c of the test plate. 

When the rings are almost or quite out of the field it is 
more convenient to insert a gypsum (red of first order) plate with 
its direction a in diagonal position, the effect being that ''blue 
quadrants " correspond in position to the black flecks. This de- 
termination must be made in white light. 



UNIAXIAL CIRCULARLY POLARIZING CRYSTALS. 

Certain hexagonal and tetragonal crystals, notably those of quartz, 
are circularly polarizing in the direction of the optic axis though 
in other respects they act optically like other uniaxial crystals. 

VS^ith Parallel Monochromatic Light and Crossed Nicols. 

In sections normal to the optic axis the light is not extin- 
guished until the analyzer has been turned a definite number of 
degrees dependent upon the thickness of the section and the wave 
length. 

The direction in which it is necessary to turn the analyzer to 
change violet into red is the so-called direction of rotation. 

VS^ith Parallel White Light and Crossed Nicols. 

The shorter the wave length the greater the rotation, that is the 
different colors are dispersed and on emergence vibrate in different 
planes. As the analyzer is turned its plane of vibration is succes- 
sively at right angles to the planes of vibration of the different 
colors. That is, at any time only one color is shut out completely 



i;o 
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and the rest in varying degree. The color with vibrations mast 
nearly parallel to the vibration planes of the analyzer will be least 
shut out and will determine the predominating tint in the resultant 
color. 

Fig. 362 shows the rotations produced by a quartz plate of 3.75 
mm. thickness. The vibration plane of yellow is, for this thick- 
ness, at right angles to PS, the vibration plane of the incident light 



Fig. 36s. 



Fig. 363. 





With Convergent Light and Crossed Nicols. 

In sections normal to the optic axis with monochromatic light, 
sections not too thin will show the dark cross with arms parallel to 
the vibration planes of the nicols. The arms will be either indis- 
tinct near the center, or in thicker sections will not reach the 
center. Fig. 363. The first ring will be some distance out, beyond 
this there will appear the alternate dark and light rings. 

With white light the central circle will have the color tint which 
is obtained over the entire field when parallel light is used. 

The Direction of Rotation may be ascertained in convergent light 
by: 

(a) The widening of the arcs when the analyzer is turned in the 
direction of rotation. 

(b) A quarter undulatioji mica plate inserted diagonally above 
the plate converts the rings and cross into two interwound spirals, 
which start near the center and wind in the direction of rotation,* 



* A plate of left and another of right-handed substan 
which (be direcliun of winding conforms lo the lower plate 



I (bvribld tpinl n 
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, Right; Fig. 365 Left. If the mica is placed below the 
e spirals are reversed. 




OPTICALLY BIAXIAL CRYSTALS. 
ORTHORHOMBIC, MONOCLINIC AND TRICLINIC CRYSTALS. 

In orthorhombic, monoclinic or tricliiiic crystals by measure- 
ment of the indices of refraction with light of any definite wave- 
length (monochromatic light), two directions of single refraction 
are found, and these directions, from analogy with the uniaxial, 
are called the "Optic axes"/tf/' light of that wtWi'-length. In all 
other directions there is double refraction and the directions of 
the optic axes are not the same when light of a different color is 
used. 
Optical Principal Sections and Principal Vibration Directions, 

If, with any one light, the indices of refraction are determined 
for all directions, the resultant values are found to always be sym- 
metrical to three planes at right angles to cacli other which inter- 
sect in the vibration directions of the fastest and slowest rays, the 
third intersection being the vibration direction of a ray of some 
intermediate velocity. 

These planes of symmetry are called Optkal principal sections 
and their intersections are called Principal vibration directions, and 
may be designated by a. b and c, in which a is the vibration direc- 
tion of the fastest transmitted ray, c the vibration direction of the 
slowest trcmsmitted ray, h the vibration direction of the ray trans- 
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mitted at right angles to the other two rays and with some inter- 
mediate velocity. 

Principal Indices of Refraction. 

The directions of vibration are at right agles to the direction of 
transmission. The indices of refraction of the three rays with 
vibration directions a, 6, c, are denoted by a, ^ and 7-, and called 
the principal indices of refraction. Then evidently a < /? < ;•, 
and also there will be transmitted in the direction a two rays 
with vibration directions 6 and c and indices of refraction ^ and ;•. 

Similarly in the direction 6 there will be transmitted two rays 
with vibration directions a and c and indices a and 7- ; and in the 
direction of c, two rays with vibration directions b and a and in- 
dices /? and a. 

Optically Positive and Negative Crystals. 

The optic axes or directions of single refraction lie always in the 
plane of a c. According to the angle which they make with a and 
C the following division is made : 

If c bisects the acute angle between the optic axes the crystal is 
said to be optically /^^/y/W. This is usually expressed : + , Bx^ « c 

If a bisects the acute angle between the optic axes the cr>'stal is 
said to be optically negative. This is expressed : — , Bx^ =q. 

Measurement of the Principal Indices of Refraction. 

Tlu Prism Method, 

In biaxial crystals the direction of transmission for minimum 
deviation will yield a principal index of refraction, only when it is 
normal to one of the directions a, b or c, and at least two differently 
oriented prisms will be necessary to secure the three principal 
indices. 

By the total reflection* method all three indices can be obtained 
from any plane surface parallel to any one of a, 6 or c. 

INTERFERENCE PHENOMENA BETWEEN CROSSED NICOLS 

WITH PARALLEL POLARIZED LIGHT. 

/;/ sections normal to an optic axis no extinction will take place, 
but with monochromatic light the field will maintain a uniform 
brightness during rotation of the stage and with white light there 
may be even a color tint. 



*A. J. Moses, Character of Crystals, p. 146. 
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In all otiur sections the field is dark every 90° and is illuminated 
>r all other positions and most brilliantly in the diagonal positions. 

white light is used interference colors result as described, p. 161, 
.xtinction Directions. 

The Extinction Directions are determined as described, p. 166. 
M also under distinctions between orthorhombic, monoclinic 
id triclinic, p. 176. 
iterference Colors. 

The Interference colors with white light are essentially as de- 
ribed, p. 161, though with marked " divergence " they are modi- 
rf by color tints due to the partial or complete extinction of 
irtain colors. 

The other determinations with parallel light are exactly as de- 
:ribed under uniaxial crystals. 
Iterference Phenomena Between Crossed Nicols with 

Convergent Polarized Light. 

In sections cut normal to either a or c, that is normal to a bisectrix 
'the angle between the optic axes, with moHocluomatic light 
n interference figure results, the field being dark throughout 



= \, J, |, etc. The points of emergency of 




: optic axes will therefore be dark, since -- ^= o, and the points 

-responding to— "=■ I will together form a ring around each axis 
1 similarly for values of 2, 3, 4, etc., until the pair corresponding 
ist nearly to the value ?- for the centre of the field unite at or 
ir the centre to a cross loop or figure eight around both axes and 
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subsequent rings form lemniscates around this as ii 



Fig. 366. The« 
.4. 




will be no change in shape during rotation of the stage. If—fo'' 

the centre is less than unity even the first ring must surround both 
axes. 

With sections of the same mineral the thicker the section the 
closer together will be the rings, and with sections of different min- 
erals but equal thickness the greater 
] the difference between a and f the 
closer together the rings. 

Corresponding to the dark cross, 
I p. 167, and due to the same caus^ 
there will be a sharp dark bancJ 
I joining the axes and another some— 
1 what thicker lighter band at rigl» ■■ 
angles to the first and midway be — 
tween the axes, but they differ iwrnr^ 
the uniaxial cross in that as th^ 
' stage is rotated the straight bar^ 
change into a hyperbola. Fig. 36^ , 
the branches of which rotate in th^£ 
opposite direction to the stage, the convex side always toward th^s 
other branch. 

With white light the light and dark rings are replaced by inter — 
ference colors. 

Determination of Optical Character of a Crystal. 

In a section normal to the acute bisectrix * the interference fig- 
ure is placed with the line joining the axial points, in diagonal 
position, as in Fig. 367, and the quartz wedge is gradually in- 
serted with the direction c parallel to this line. If the crystal is 
positive the rings around each axis will expand, moving toward the 
centre and corresponding rings will merge in one curve. 

If the crystal is negative the rings will contract and increase in 
number, the change increasing with the thickness of wedge inter- 
posed. In a section normal to the obtuse bisectrix these results 
are all reversed. 



Fig. 367. 



•To detetmine ihc acule biseclris 
le. Ordinarily the interference figui 
come n'ilhin the limits of the lield. 



nay be necessary to fint n 



.0 the obttue tnsectrix v 
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i with a amall axial angle the mica or gypsum plate 
e used aa described, p. 167. 

mination of the Angle Betv/een the Optic Axes. 
Ktion cut normal to tlie acute bisectrix is held at P, Fig. 
itween the lenses of a horizontal polariscope. The vibration 
3ns of the nicols of the polariscope are crossed at 45° to 
luon, so that when the line connecting the axial points is 
tital the interference figure will show the hyperbola and not 
MS. The section must be centred so that a line in it is the 
!" revolution; and so that the axial points of the interference 
remain on the horizontal cross hair during revolution. 



^^ttal is then revolved by the horizontal plate until the 
mts of the interference hyperbola are successively made 
it to the vertical cross-hair, the positions being read on the 
The difference between the two readings is the apparent 
2E, and this is frequently the angle recorded. It is always 
than the true angle 2 1' 
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Fig. 368 shows the newer type of so called Universal Apparatus 
ofFuess. The centring device is precisely that described under the 
Fuess goniometer and may be inserted either as in the figure or in- 
verted. In the latter position it forms with the telescopes /j and 
/^the equivalent of the Fuess goniometer, Fig. 273. 

When used for axial measurements, the crystal stand is replaced 
by the pincers /* which clip the crystal plate. The optical por- 
tion inserted at A and A^ is the same Norremberg arrangement of 
nicols and lenses which is shown in Fig. 357, but turned so that 
the vibration directions of the nicols cross at 45** to the horizon. 
To find the True Angle from the Apparent Angle. 

When the middle principal index ^ is known 2Fmay be deter- 

sin E 
mined by the relation sin F= — -z — . 

p 

When /5 is not known a second measurement may be made 
the apparent angle in a plate normal to the obtuse bisectix. De- 

noting this hy 2 E' the relation is tan F= — ; — p-. . 
^ ^ . sm E' 

I 

I 
Approximate Measurement of the Axial Angle. 

The axial angle 2 Fmay be determined in any suitably equipped 

microscope or polariscope by measuring the distance d from the 

centre to either hyperbola, or the average of the two distances, 

d . d , 

with a micrometer eye-piece. Then sin ^5"= ^, or sin Vsswz^,^ 

which C is a constant for the same system of lenses and is deter- 
mined once for all with a crystal of known axial angle. 

For instance if in a mica 2E= 91 ° 50' and ^=41.5 divisions on 

d 
the scale, then C= - . — >-= 57-55 for that combination of lenses. 
* sm E -^^ ^^ 

OPTICAL DISTINCTIONS BETWEEN ORTHORHOMBIC, MONO- 

CLINIC AND TRICLINIC CRYSTALS. 

In OrtJiorhombic Crystals the crystallographic axes are always 
principal vibration directions and the axial planes are optical prin- 
cipal sections for all colors. 

It is therefore possible to recognize the system of an orthorhom- 
bic crystal by : 

(rt) The extinction directions which will always be parallel or 
symmetrical to crystallographic edges, cleavage cracks, etc In 
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pinacoidal faces the vibration direction will be parallel to the crystal 

axes. 

( h') Tlu intetftrence figure obtained in sections parallel to two of 
fite three pi nacoitis will be like Fig. 367. and if the figures so obtained 
are viewed in white light the color distribution will be symmelrical 
ba//' to the Une joining the optic axes and to the line through the 
certtre at right angles thereto. 

Jh MoiiodinU Crystals the ortlio axis b is always a principal vi- 
bration direction and the clinopinacoid is an optical principal sec- 
tion for all colors, the other two principal vibration directions lie in 
the clinopinacoid, but vary in position with the wave-length. 

It is therefore possible to recognize the system of a monoclinic 
lcr>'Stal ^y- 

(a) The extinction directions which are parallel or symmetrical 
to edges, cleavages, etc., only when the section is parallel to the 
'ortho axis d, but in all other zones are oblique. 
I (/) The /ff/i-//(r(-ffiri-^^«/-f similar to Fig. 367 will be found either 
in the section parallel to the cUno pinacoid or in one of two sec- 
gons normal to this. In while light the distribution of color of 
3iis iigure will never be symmetrical to ftiw lines as in the ortho- 
irombic, but will be symmelrical either to the line joining the 
petal points, or to the line normal to these, or to the central point. 
In triclinic crystals there is no essential relation between crys- 
tallographic axes and principal vibration directions, alt extinctions 
a.rc oblique and in white light, the distribution of color in the in- 
terference figure is entirely without symmetry. 



■^ ABSORPTION AND PLEOCHROISM. 

_ight during transmission through a crystal is in part absorbed 
I in most instances diminishes steadily in intensity as the dis- 

Irvce traversed increases. 

AVith white light the different component colors are absorbed at 

l^^erent rates, giving color tints due to the combination of tlie 

fcmaining colors. 

I Isometric Crystals, 

A section of any given thickness will transmit the same color < 
4th whatever the direction in which the crystal may be cut. 
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In Doubly Refracting Crystals. 

In all doubly refracting crystals the ordinary and extraordinary 
rays transmitted in any given direction may be differently absorbed 
and with white light the color tints may be different ; not only for 
the ordinary and extraordinary rays transmitted in one direction 
but also for different directions. 

Usually the ordinary and extraordinary rays may be viewed 
separately by means of a polarizing microscope with the analyzer 
out. The color varies as the stage is turned and the maximum 
color differences are obtained when the extinction directions coin- 
cide with the vibration plane of the polarizer. 

The colors of the ordinary and extraordinary rays may be con- 
trasted s\At, by side by means of a *'dichroscope" consisting, Fig. 369, 




Fig. 369. 

of a rhomb ofcalcite in which ab and cd are the short diagonals of 
opposite faces. To these faces glass wedges aeb^ dfc are cemented 
and the whole encased. The section is placed at P and the light 
from the substance passes through a rectangular orifice, a double 
image of which is seen by the eye at E. 

In Tetragonal and Hexagonal Crystals with the Polarizing 
Microscope. 

/;/ sections normal to the opic axis the color is constant for all 
positions of the stage. 

/;/ sections parallel to the opie axis. If the extinction direction 
parallel to the optic axis is placed first parallel then at right angles 
to the short diagonal of the polarizer there will be seen first the 
extraordinary, second the ordinary. 

/;/ all other sections the extraordinary will be found to approach 
the constant tint of the ordinary as the sections become more 
nearly perpendicular to the optic axis. 



J 
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Optically Biaxial Crystals : 

Jn orthorhombic crystals the directions of the absorption axes 

ncide for all colors with the directions of crystal axes and the 

icipal vibration directions a, b and c. 

^n monoclifUc crystals one absorption axis is parallel to the crystal 

s b, therefore to one of a, b or c, the other axes lie in the 

lopinacoid, but, for any color, may or may not coincide with a 

nd c for that color. 

0/ triclinic crystals no coincidence is essential. 

Mthough subject to many exceptions, the law of Babinet is 

lerally correct that ** the slower transmitted ray is the more ab- 

bed.'^ 



CHAPTER XVIII. 

THE THERMAL, MAGNETIC AND ELECTRICAL 

CHARACTERS. 

THE THERMAL CHARACTERS. 

Transmission of Heat Rays. 

Heat rays are subject to the same laws as light rays and differ 
principally in their greater wave length. They may be reflected, 
refracted, doubly refracted, polarized and absorbed. It is possible, 
though difficult, to determine experimentally a series of constants 
for crystals with respect to these invisible rays, but their discussion 
belongs rather to physics than to mineralogy. 

Surface Conductivity. 

The relative surface conductivies may be obtained when the 
previously cleaned and polished section is breathed upon, quickly 
touched by a very hot metal point normally applied, and instandy 
dusted with lycopodium powder. The section is then turned up- 
side down and tapped carefully, when the powder falls from where 
the moisture film had been evaporated, but adheres elsewhere, 
giving a sharply outlined figure. The entire operation should take 
less than three seconds. 

Or the section may be coated with a mixture of three parts 
elaidic acid and one part wax, and brought into contact with a 
heated metal point, and a constant temperature maintained until 
the wax has melted far enough from the point of application of the 
heat. The boundar>^ of the melted patch then shows the distances 
which the heat has been transmitted, and is visible after cooling as 
a ridge which is always an ellipse or circle. 

In singly refracting crystals (isovietric) all sections yield circles. 

In optically unaxial crystals (tetragonal or hexagonal^ basal sec- 
tions yield circles, but all other sections yield ellipses which be- 
come more eccentric as the section becomes more nearly parallel 
to the optic axis. 

In optically biaxial crystals the curves are all ellipses. In 
orthorhombic crystals the axes of the ellipse obtained in any axial 
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n).inc are parallel to the crystal axes therein. In moitocHnic crys- 
tals the major and minor axes of the isothermal curves should 
coincide with crystal axes'in any plane parallel to A In triclinic 
cjystalsthere will be no essential or probable paralellism of crystal 
2xes and axes of ellipses in any section. 
Expansion. 

When a crystal is uniformly heated, directions c ry stall ographJc- 
ally alike expand in the same proportion, but directions unlike 
do not. 

1° homttric Crystals. The rate of expansion is the same for all 
Erections. 

2" Tetragonal and Hexagonal Crystals. The rate of expansion 
is the same for all directions equally inclined to the axis c ; is either 
3 maximum or a minimum parallel to^r, and varies regularly from 
this to directions at right angles. 

1° Orthorhombic Mottocl'mtc and Triclinic Crystals. The direc- 
tions of maximum and minimum expansion arc at right angles. 

Orthorhombic, the direction coincides with two of the crystal 
axes. 

Monoclinic, one direction may coincide with h, or both lie in the 
clino pinacoid. 

Triclinic, the axes ha\e no fixed positions relative to crystal. 
Tile increase in expansion may be accurately measured for any 
(Erection by the method of Fizeau. as follows : 

In Fig, 370 is a plane parallel 
plate of the crystal, about 10 mm. 
thick, which rests upon the steel plate 
T- Three screws pass through 7" and 
support the glass plate P. which tapers 
• ij:;htly. By adjusting the screws so 
ih.u ihe upper surface is horizontal 
A thin wedge-like film of air is left 
between the upper surface of the sub- 
stance and the lower surface of the 
glass. 

By a suitable arrangement, rays of monochromatic light strike 
Ihe apparatus normally. Rays incident at the upper surface of the 
cry.stal and the lower surface of the glass wedge interfere on reflec- 
tion producing parallel dark bands wherever the thickness of the 
u-trdgc is j^, ^/. The distance between two adjacent bands is 
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therefore a function of a wave-length of the light used and is meas- 
ured by a screw micrometer. 

When the apparatus is uniformly heated the crystal plate and 
the interference apparatus both expand and the interference bands 
change in distance apart. From this change and from the pre- 
viously determined effect of the expansion of the metal stand the 
change due to the expansion of the crystal is calculated. 

Tutton has recently described an improvement of this apparatus 
in which the expansion of the metal stand is compensated by that 
of a cylinder of aluminum. 

Change of Crystal Angles produced by Expabsion. 

A crystal of the isometric system when uniformly heated e?^' 
pands uniformly without change of angles. In all other system^ 
the expansion varies with the direction and certain angles are 
changed (sometimes several minutes for lOO** temperature altera- 
tion. For instance, the calcite rhombohedron angle is lessened 
8' 37".) The zone relations and indices are never changed. 

These changes may be measured with accurate goniometers and 
the relative expansions calculated. 

Change of Optical Characters produced by Expansion. 

The expansion of a crystal changes the velocity of light trans- 
mission and therefore the indices of refraction for different directions. 
With isometric crystals the index may become either larger or 
smaller. With tetragonal and hexagonal crystals the principal 
indices of refraction y and a may alter unequally and not neces- 
sarily in the same direction. The interference figure will also alter, 
the rings contracting or expanding according to the change in ;*— «, 

and for a particular temperature, 
when this difference is zero, will dis- 
appear. 

In orthorhombic, monoclinic and 
Fig. 371. triclinic crystals the interference fig- 

ure may undergo even more striking 
changes. For instance, Fig. 371 represents such a series in say 
gypsum with yellow light for which at 20° C. the axial angle is 92° 
(Fig. a), at 100° C. is reduced to 51° (Fig. ^), at 134° C. is zero 
(Fig. 6*), and for still higher temperatures the optic axes pass into a 
plane at right angles to their former position (Figs, d and c). 
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THE MAGNETIC CHARACTERS. 

Only a few minerals noticeably disturb a magnetic needle or are 
ttracted by a steel magnet. Occasionally these minerals will them- 
-Ives act as magnets. 

^ara- and Diamagnetism. 

All substances are either attracted or repelled in some degree 

the field of a strong electromagnet. If attracted they are said 
► be '* paramagnetic** or ** magnetic**; if repelled they are "///a- 
^2gnetic,** 

Jf a rod of any substance is suspended by a fiber so as to swing 
scly horizontally between the vertical poles of an electromagnet, 
^^ rod, if paramagnetic, is pulled into ** axial** position with its 
^ds as near the poles of the magnet as possible, and, if diamag- 
^tic, is pushed into an *' equatorial** position with its ends as far 
fom the magnetic poles as possible. 

Crystals are more strongly magnetized in certain directions than 
n others, and the para- or diamagnetism is judged by hanging a 
thin glass tube, filled with powder of the substance, between the 
magnetic poles, the particles of the powder, having all possible 
orientations, eliminate all effect of direction. 

Relative Induction in Different Directions in a Crystal. 

The para- or diamagnetism is determined as described. A cube 
»f the crystal is then suspended by a silk fibre between the poles of 
n electromagnet and with its three rectangular axes successively 
ertical. If, for instance, in a diamagnetic substance for the three 
uspensions, one of the axes twice assumes the equatorial position, 
iien this is the direction of* greatest magnetization, but if the sub- 
tance is paramagnetic the axis which twice assumes an axial i^osi- 
on is the direction of greatest magnetization. 

The relations cannot yet be said to be well understood as very 
;w minerals have been thoroughly tested. 

ELECTRICAL CHARACTERS. 

^rictional Electricity. 

All minerals are electrified by friction but the positive or negative 
haracter may vary in different varieties of the same species and 
ven with different conditions in the same specimen. 

If a light, horizontally-balanced needle terminating in small balls 
J electrified, either positively by bringing near a rod of electrified 
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sealing wax, or negatively by touching with the rod, an electrified 
mineral will attract or repel the needle according as it has opposite 
or similar electricity. 

Electrical Conductivity. 

If a prism of known dimensions is introduced into a direct weak 
current, the strength of which is varied by resistances and the 
deviation observed in a galvanometer, results will be obtained 
which vary for different minerals between very wide limits and 
appear to be dependent upon the constitution of the chemical 
molecule rather than upon the crystalline structure. A certain 
dependence upon crystallographic direction has nevertheless, been 
observed in a few substances.* 

All minerals conduct to some extent, but practically, conductivity 
may be considered to be limited to the metals; some metalloids; 
most sulphides, tellurides, selenides, bismuthides, arsenides and an- 
timonides, some of the oxides ; and, at higher temperature, a few 
haloids. 

Thermo-electricity. 

If a metallic circuit is made by soldering together one end of 
each of two rods of different metals and connecting the other ends 
by wire, heating or cooling the junction will develop an electric 
current the strength of which will depend upon the change of 
temperature and upon the metals used. 

A series may be made based upon the strength and direction of 
the current. Among metals the series extends from bismuth at 
the positive end to selenium at the negative end. The position of 
minerals in the series may be practically determined. 

In crystals, moreover, a thermo-electric current is developed by 
coupling two rods cut from different directions in the same crystal, 
or by inserting a single rod in a metallic circuit and either heating 
the ends while the sides are kept at a uniform temperature or by 
the reverse proceeding. 

Dielectric Induction. 

A crystal suspended in an electrostatic field develops an electric 
polarity, and the crystal tends to assume a position in which the 
lines of force and the direction of maximum induction are parallel. 



* l'l>er (las Loitungsvermogcn dcr Mineralicn fiir Elektricitit. F. Beijcrinck, Neuti 
Ja'nrb. Min., Bcil, Hd. XI., 403, 1896-7. Also Wortman, Mem. de la Soc. d. hist. 
Nat. de Geneve, XII., 1853. 
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In the experiments of Root* circular plates of tourmaline, 
artz, calcite, aragonite and topaz about lo-ii mm. in diameter 
d cut parallel to the optic axis, were attached by a little drop of 
X to a silk fibre and suspended between the vertical plates of 
:ondenser charged by a rapidly alternating current. The vibra- 
n thereby produced in the plate was reflected to a telescope two 
:lers distant, and its period determined both when the direction 
maximum induction was vertical and horizontal. The quotient 
the former by the latter gave a basis of comparison. 

Toelectricity and Piezoelectricity. 

Whenever the volume of a crystal is altered cither by a tempera- 
"e change or by mechanical pressure a portion of the heat 
:rgy or mechanical energy may be converted into electric en- 
;y, which, in poorly conducting crystals, will be frequently mani- 
ted by the accumulation of positive and negative charges at 
Ferent points or poles. 

tn PyROELECTRiciTY a temperature change of at least 70° to 80° 
is desirable. Usually the crystal is heatedf in an air bath to a 
form temperature, then drawn quickly once or twice through 
alcohol flame and allowed to cool. 

During the cooling of the crystal the positive charges collect at 
so-called antihgue poles, and the negative charges at the ana- 
v€ poles.t and may be distinguished by their effect on other 
;trified bodies. For instance, a cat's hair rubbed between the 
;ers becomes positively electrified and is attracted by the analo- 
is pole and repelled by the antilogous pole. 
3r the positive and negative poles may be distinguished by 
wing upon the cooling crystal a fine well dried § mixture of 
lal parts of powdered sulphur and red oxide of lead. The noz- 
of the bellows is covered by a muslin net and in the passage 
3ugh the sulphur is negatively electrified and is attracted by the 
itive poles coloring them yellow while the minium is posi- 
:ly electrified and is caught by the negative poles colonng them 
. The dust should fall evenly and the bellows be held far 
lUgh away to prevent direct action of the blast. 

Poggtndorf's Annalcn, CLVIII., i, 425, 1S76. 
' If beating injures the ciystol it mny be cooled from rocm teDipetulurc by a freezing 

With rising tempeniture these are reversed. 
\ Dry over H,SO, in a ves^l fraiD which the air has been partially exhausted. 
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Figs. 372, 373 and 374 show crystal of tourmaline, calamine 
and boracite respectively, the darker dotted portions represent- 
ing the accumulation of minium at the analogue poles and the 
hatched portions the accumulations of sulphur at the antilogue 
poles. 

If the crystals had been dusted during the heating, the analogue 
poles would have been coated with sulphur and the antilogue poles 
with minium. 

In Piezoelectricity the charges are developed by pressure, for 
instance, calcite pressed between the fingers becomes positively 



Fig. ^^^. 



f'G- 373- 



Fic 374. 




electrified, tourmaline compressed in the direction of the vertical 
axis develops a positive charge at the antilogue end and a nega- 
tive charge at the analogue end or precisely the charges which 
would result from cooling a heated crystal. 

The charges are detected in the same way as the pyroelectric 
charges. 



CHAPTER XIX. 

CHEMICAL COMPOSITION AND REACTIONS. 

As has already been stated, minerals are distinguished from 
rocks by something of regularity in their chemical structure. 
While all minerals may be best considered as derived from definite 
chemical types they are, however, very far from being of definite 
and invariable composition and it is often difficult to represent the 
results of analysis by an exact formula. This is readily under- 
stood when the laws of isomorphism and the conditions underly- 
ing the formation of minerals are studied. 

Isomorphism. 

Certain chemical substances, having an equal number of atoms 
in their molecules and presenting a close resemblance in their re- 
actions, crystallize in forms which are either identical or very 
closely related. Such isomorphic substances cannot be separated 
from each other by ordinary crystallization as the analogous com- 
pounds crystallize together, and the crystals formed show by analy- 
sis the most varied quantitative proportions of the isomorphic sub- 
stances present in the liquid. 

Most minerals are isomorphic mixtures. They have, as a rule, 
been formed by crystallization either from solution or from fusion. 
Some, as limonite, have been formed by a process of sedimentation 
but such are uncrystallized, and are generally quite impure. Others 
are the results of alteration from atmospheric agencies and fre- 
quently contain in the same specimen the original mineral and 
its alteration product. 

Whenever a mineral has crystallized from solution or from fu- 
sion it is always more or less modified by the elements which may 
be present and which are foreign to its own typical structure. 
Three cases present themselves : 

I. If the liquid contains no other substance than the compound 
of which the mineral is made then it crystallizes out in a state of 
purity and is as definite in its composition as any compound made 
in the laboratory. 
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2. If the liquid contains several other substances but none which 
is isomorphous with the compound of which the mineral is made, it 
may crystallize in all degrees of purity, tending always to form 
crystals of definite composition but the composition of the mass 
varying with the degree with which the liquid is saturated with 
the foreign substances. This gives rise usually to a series of frac- 
tional crystallizations especially apparent in beds of rock salt or in 
mica and orthoclase veins. If the substances are in solution that 
one is first deposited whose saturation point is first reached by any 
process of concentration, the others following in their respective 
order. Where the case is one of fusion those substances with the 
highest melting points will tend to crystallize out first and in a 
state of comparative purity. 

3. The liquid may contain two or more isomorphic compounds 
in which case the resulting mineral will contain each of these sub- 
stances usually in about the relative proportion in which they were 
present Isomorphic compounds are generally salts of the same 
acids with the metallic elements different. 

Composition and Formula. 

It will thus be seen that many factors besides the results of analy- 
sis must be taken into consideration in giving a formula to any 
mineral. When, however, the errors of calculation, arising from 
the impurities and from the replacing of certain elements by others 
of different atomic weight but isomorphous with them, are elimi- 
nated, it is generally possible to assign a typical formula to the 
species. The difficulty becomes greater when the polysilicates and 
some other complicated minerals are studied and in no case must 
the formula for the species be considered as absolutely invariable 
for the individual. The results of alteration through atmospheric 
agencies, infiltration of water, etc., tend at times to so alter the 
individual that its composition varies widely from the type while at 
times this alteration is carried on so regularly and so far that new 
species of quite definite composition are formed. In expressing 
the composition by formulas the ordinary chemical symbols are 
used. The letter R is used to represent a varying group of iso- 
morphic or equivalent elements, and it may have the valency of 
these elements designated by dots above and to the right of the 
letter. When two elements as (Fe.Mg) are placed in parenthesis 
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vith a period between it, indicates that the two replace each other 
n all proportions in the different individuals of the species. 

Types. 

The most prominent types found among minerals are as follows : 

1. The Elements, as Au, Ag, Cu, Sb, C, S. These are fre- 
quently alloyed with other elements as copper with silver, sulphur 
with selenium, etc. 

2. The Oxides and Hydroxides for which water, H,0, serves as 
a type, as cuprite, Cu^O, brucite, Mg(OH)j. It is not necessary 
that the hydrogen atom or atoms be replaced by a single element 
This replacement may be by a group of elements as in diaspore, 
AIO(OH) or on the other hand the oxygen may be partially re- 
placed by sulphur as in kermesite, SbjSjO. 

3. The Sulphides, derivatives of HjS, and to a less extent their 
analogues the selenides, tellurides, arsenides and antimonides, 
as galenite, PbS. clausthalite, PbSe, hessite, Ag,Te, niccolite, NiAs. 
The hydrogen may be replaced by more than one element as in 
chalcopyrite, CuFeS,, or the sulphur may be partially replaced by 
arsenic as in arsenopyrite, FeAsS, by antimony as in stephanite, 
AgjSbS^ and also by selenium and by tellurium, but to a less extent 
and with smaller tendency to form distinct species. 

4. The Chlorides, derivatives of HCl, and to a less extent their 
analogues the fluorides, bromides, and iodides as halite, NaCl, 
fluorite, CaFj. bromyrite, AgBr, iodyrite, Agl. 

More than one metal may replace the hydrogen as in the double 
fluoride cryolite, Na^AlF^, and chlorides, bromides, iodides or 
fluorides may crystallize together as in embolite, Ag(Cl.Br). 

5. Nitrates, derivatives of HNO3, as nitre, KNO3; soda nitre, 
NaNOj; isomorphic or basic modifications are rare. 

6. Carbonates, derivatives of H2CO3, as calcite, CaCOg; sider- 
ite. FeCOj, etc. Isomorphic combinations are common, as dolo- 
mite (Ca. Mg)CO,. The carbonates of Zn, Fe, Co, Mn, Ca and Mg 
are isomorphous, and also the carbonates of Ca, Ba, Sr and Pb. 
Consequently, minerals containing various combinations of these 
carbonates are found. Many basic salts of carbonic acid also 
occur, as malachite, Cu2(OH)2C03; azurite, Cu2(OH)2(C03)2. Car- 
bonates are also frequently found containing water of crystalliza- 
tion as natron, NajCOg + loHoO. In a few instances a carbonate 
and a halogen salt crystallize together as in phosgenite, PbjCIjCOs. 
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7. Sulphates, derivatives of H2SO4, as anhydrite, CaS04; barite, 
BaSO^, etc Isomorphic combinations are more common than 
simple sulphates. Among these may be noted sulphates containing 
two or more metals, as glauberite, Na2Ca(S04)2; those containing a 
sulphate and chloride, as kainite, MgS04.KCl + 3H,0. Basic sul- 
phates are also numerous as brochantite, Cu2(OH)3O4.2Cu(0H)j, 
and some individuals of any of the previous types crystallize with 
water of crystallization, as copiapite, Fe,(FeOHy 804)5 + iSHjO. 

8. Ch ROM AXES, derivatives of HjCr04, as crocoite, PbCr04, and 
derivatives of HCrOj, as chromite, FeCr204. These are the two 
important mineral chromates. Two or three rare basic compounds 
are also known. 

9. MoLYBDATES, derivatives of H,Mo04, as Wulfenite, PbMoOi, 
which is the only important natural molybdate. 

10. TuNGSTATES, derivatives of H,W04, ^^ scheelite, CaWOi. 
Tungstates also are rare. One or two isomorphic combinations 
are known, as in Wolframite, (Fe.Mn)W04. 

11. Borates, derivatives of HBO,. HjBO, or of Yififi^^ as 
sassolite, H3BO3; borax, Na2B407 + loHjO. Metaborates arc 
rare. Ulexite, CaNaB^Og + 6H2O, may be considered as a mo- 
lecular combination of CaB407 + NaBOj, while colemanite, Ca,B,- 
Oii + 5H2O, would consist of CaB407 + Ca(B02)2. Most natural 
borates contain water of crystallization, and a few basic combina- 
tions are found. • 

12. Aluminates, derivatives of HAIO,, as spinel, Mg(A102)j; 
chrysoberyl, GI( A102)2. The aluminates are isomorphous with the 
ferrates and metachromates, consequently the Al may be partially 
replaced by Fe or Cr, while, on the other hand, the common alu- 
minates are themselves isomorphous, and the Mg, Fe, Zn and Mn 
salts replace each other in their characteristic spinels to a limited 
extent. 

13. Phosphates, derivatives of HgPO^, as vivianite, Fe3(P04)2 + 
SH^O. By far the majority of mineral species of phosphates are 
either isomorphic modifications or basic salts, both with and 
without water of crystallization. Simple phosphates may crystal- 
lize together, as in triphylite, Li(Fe.Mn)P04. Phosphates may 
crystallize with chlorides and fluorides, as in apatite, Ca5(Cl.F)(P0Jj. 
Basic salts may be simple, as in turquois, Al2(0H)3P04 -f- HjO, or 
may contain several metals, as in lazulite, (Mg.Fe.Ca)Al2(0H)|- 
(PO,U 
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Arsenates, derivatives of HjAsO^, form compounds very 
r to the phosphates in molecular structure, as scorodite, 
\ + 2H20,a hydrous ferric arsenate; mimetite, 3Pb3(As04)2 
Zlj, a combination of the isomorphic arsenate and chloride; 
ite, Cu2(OH)As04, a basic copper arsenate. 
Vanadinates and Columbates, derivatives of HjVOi and 
)j. The chief vanadinates are vanadinite, 3Pb,(V04)2 + PbCl2. 
ecular combination of lead vanadinate and chloride, and 
»izite (Pb.Zn) (Pb.0H)V04, a basic lead vanadinate contain- 
nc. The most important natural columbate is the mineral 
bite, Fe(CbO,)2. 

Silicates. — By far the largest number of minerals known 
nder this subdivision. Isomorphic combinations are the 
md these combinations are at times so complicated that it is 
t impossible to give even a typical formula to the species, 
and acidic salts are common, but the silicates do not show 
at tendency to crystallize with water of crystallization as is 
;sed by some of the other classes of compounds. Those 
do contain water of crystallization are commonly considered 
ass by themselves, on account of their many resemblances. 
»asic elements most commonly replacing each other are 
g, Fe, Zn and Mn; Na, Li and K, and Al, B, Cr and Fe. 
ilicon is itself sometimes partially replaced by Al, as in 
lite, or by Ti, as in titanite. 

Calculation of Formulas. 

expressing the composition of a mineral by a formula we 
only the atomic weights of its component elements and 
isults of analysis from which to calculate. Hence the 
ias given do not of necessity express the structure of the 
jle, but only the composition ratio. In fact, the symbols 
rd are always the simplest which can express the propor- 
>hown by analysis to exist between the atoms and which 
their valences. The true molecular formulas are proba- 
ivays some unknown multiple of these symbols. For the 
ses of mineralogy, however, the composition formulas are 
ent. 

example may make this point clearer. A very pure speci- 
f beryl gave the following results on analysis : 
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GIO. . 

AI,Os.. 
SiO„ . 



14.01 
19.26 
66.37 



The sum of the atomic weights for each group is : 



GIO 


^= 


25. 


AIA 





102. 


SiO, 


^= 


60. 



The results of analysis represent the proportion in which the 
groups are present in the molecule. Consequently, the relation 
between the number of groups must be : 



Percentage 


Atomic 




Proportionate 


Composition. 


Weights. 




Number of Groups 


14.01 


T 25 


-^ 


.56 


19.26 


f 102 


= 


.189 


66.37 


f 60 


— ' 


1. 106 



Now, as fractional atoms cannot exist, our problem is simply to 
find the smallest number of whole groups which stand to each 
other in this relation, and, as .56 : .189 : 1.106= 3:1: 6, very 
nearly, therefore, the composition is represented by 3GIO + A1,0| 
+ 6Si02, which may be better written GljAljSi^Oig, or, as it at once 
becomes evident that the proportion between silicon and oxygen 
Is that of a metasilicate, Gl3Al2(Si03)^. 

It will now be found, on calculating the theoretical percentage 
composition of Gl3Al2(Si03)e, that it agrees within the limits of 
error with that found by analysis, and as the twelve affinities of 
the six SiOg radicals are satisfied by those of Gl and Al atoms, the 
formula probably represents the composition of the compound. 
The true molecular formula is, however, ^/GljAij(Si03)5 wherein n 
represents some whole number. 

The calculation i.s not generally as simple as the above example 
might indicate. Usually, minerals contain elements which seem 
foreign to their true composition, and which are present either as 
impurities or which replace analogous elements of the true mole- 
cule. In fact, many beryls contain Cs, Hj, Naj, Ca, or Mg replac- 
ing Gl; and Fe or Cr replacing Al. Such replacing elements, if 
present only in small quantities, must be converted into their equiv- 
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ts of Gl or Al before the calculation for formula is made, 
representative formula can ever be assigned from an analysis 
npure material unless the nature and extent of the impurities 
known. 

ues are often obtained as to the constitution of the molecule 
h are entirely foreign to the percentage composition, but which 
rially assist in the construction of the formula. Thus H^O, 
mt as water of crystallization, is driven off at comparatively 
remperatures, while the hydrogen of hydroxides or of acid or 

salts is usually expelled as water only under a temperature 
>aching that of ignition. Orthosilicates are known to be much 
stable than metasilicates, and frequently are found altered to 
silicates. This fact sometimes aids in determining the for- 

of a compound which otherwise might be referred to either 
. For instance, analytical results have been obtained for both 
lusite and cyanite, which are satisfied by the formula AljSiO^. 

represents more oxygen than is present in any of the silicic 
, and part of the oxygen is therefore undoubtedly in com- 
ion with the aluminium. Two rational formulas now become 
ble, one an orthosilicate Al(A10)Si04, the other a metasilicate 
'),SiOs.^ Andalusite is much more easily decomposable than 
ite, which is not so easily altered. The first symbol is there- 
issigned to andalusite and the second to cyanite. 



CHAPTER XX. 

THE IRON MINERALS. 

The minerals described are: Metal — iron. Sulphides and 
arsenides — pvrrhotite, pyrite, marcasite, arsenopyrite, leuco- 

PYRITE. Oxides MAGNETITE, FRANKLINITE, HEMATITE, MENACCAN- 

ITE, TURGITE, GOETHITE, LIMONITE. Sulpliates COPIAPITE, MEUN- 

TERiTE. Pliosphates — viviANiTE, TRIPHYLITE. Arsenates — SCORO- 
DiTE, PHARMACOSIDERITE. Carbonate — siderite. Chrmnate— 
CHROMiTE. Columbate — columbite. Tungstate-^--woiJ?KMinz, 

Economic Importance. 

The iron minerals have important and varied uses, which may 
briefly be described under the following heads : 
I. — In natural state. 
II. — For extraction of metal (ores of iron). 
III. — For extraction of acid constituents. 
IV. — For extraction of included metals. 

I. — Uses in Natural State. 

In 1898 the production of ocher, umber and sienna and natural 
oxide paints was 41,950 short tons.* Limonite and hematite are 
the principal natural oxides ground for paint. 

II. — Minerals Used as Ores of Iron. 

In the United States the minerals smelted for iron are, in order 
of quantity used,t hematite, limonite, magnetite, and siderite. 
Goethite and turgite are commercially included with limonite under 
the name brown hematite, and more or less ilmenite is smelted 
with other ores. The residues from the roasting of pyrites are 
sometimes used as a source of iron, but not in this country. 

In ^99 the United States produced 25,341,000! long tons of 
iron ore, about three-quarters of which came from the Lake Su- 
perior region of Wisconsin and Minnesota, and about one-sixth 
came from the Southern States. 



* Mineral Industry ^ 1^99- 

f John liirkinbinc, in Mineral Kesoitrces of United States^ 1892, gives as amounts 
mined for one year: Hematite, 11,646,619 tons; limonite and goethite, 2,485«I<'I 
tons; magn^iiifH, 97 1,965 tons; siderite, 192,981 tons. 



X En^neering and Mining Journal^ 1 900, p. 3. 
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The greater portion of the 60,000,000 tons of iron ore produced 
in the world each year is converted into pig iron. That is, the ore 
is deprived of its oxygen by the action of incandescent carbon and 
the hot reducing gases resulting from its combustion, and becomes 
a hquid mass of metallic iron, combined and mixed with a little 
carbon, silicon, phosphorus, sulphur and other impurities. The 
furnace used is a vertical shaft, everywhere circular in horizontal 
section, but usually widening from the top downwards to a certain 
level, and then again narrowing to the hearth. Hot air is forced 
into the furnace through nozzles called tuyeres, entering just above 
the hearth. 

The ore and fuel are analyzed and some flux is added, which, 
when combined with the ash of the fuel and the foreign ingredi- 
ents of the ore, forms a definite silicate of known fusibility, called 
the slag. The temperature of the furnace differs at different levels, 
but is practically the same at all times at any one level. 

The ore, charged in at the top, in alternate layers with fuel- and 
flux, passes through zones of different temperatures as it descends, 
and is reduced, carburized, fused, and flows into the hearth. The 
slag forms in a definite zone after the complete reduction of the iron, 
and falls also to the hearth, but, being lighter, floats on the melted 
iron until drawn off. From time to time the metal is run out into 
sand moulds, forming the pigs or f>ig iron of which 13,649,453 * 
long tons were produced in the United States in 1899. 

This pig iron, by various processes, is converted into wrought 
iron, cast-iron and steel. 

The mineral franklinite, after treatment for zinc, and certain man- 
ganiferous hematites and siderites, are smelted, and yield spiegcl- 
eisen, an alloy of iron and manganese, used as a source of carbon 
and manganese in the manufacture of steel. 

III. — Minerals Used for Extraction of Acid Constituents. 

{a) For Sulphur. — Pyrite, and, to a less extent, marc^Bite and 
pyrrhotite, are very extensively used in the manufacture of sul- 
phuric acid. In 1898, 363,000 tons were so used in the United 
States. The sulphides are burned in furnaces with grates, andthe 
gasjcs are converted into sulphuric acid. The residues, in addition 
to iron, frequently contain copper, nickel or gold, and these arc 
usually extracted later. 



* Engineering and Mining Journal, 1900, p. 3. • 
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[p) For Arsenic. — The mineral arsenopyrite is the chief source 
of arsenic. 

(c) For Chromium. — Practically all the chromium compounds 
derive their chromium from the mineral chromite, very little of 
which is now mined in the United States. The most important 
compounds manufactured are potassium bichromate used in calico 
printing, oxidizing rubber, bleaching indigo and in manufacturing 
the chrome paints and matches ; potassium chromate used in the 
manufacture of aniline colors, etc., and ferro-chromium, which 
added to steel produces the tough alloy known as chrome-steel, 

(rf) For Tungsten. — Tungsten and the tungstates are extracted 
from wolframite and scheelite. The world's product is not more 
than 600 to 700 tons, and is chiefly employed in the manufacture 
of crude tungsten for tungsten steel and sodipm tungstate for 
rendering fabrics non-inflammable. 
IV.— Included Metals. 

{a) Gold and Si lver. — Both pyrite and arsenopyrite frequently 
carry gold and a little silver, which may be extracted either directly 
by stamping and amalgamation or by treatment of the roasted 
residues with chlorine or potassium cyanide solution. 

{b") Nickel. — Pyrrhotite frequently carries nickel, and in 189S 
about 2,700 tons of nickel were extracted from the pyrrhotite of 
Sudbury, Ontario. 

IRON. 

CoMl'.lsniON.— Fe witli more or less Ni, Cr, Co. Mn. 

tJENKRAL liESCKiiTins. — .Masses and imbeddeii particles of white lo g[r»y metil, 
resembling raanufaclured iion. Many nieleorilcs are alloys of nickel and iron and 
usually when polished and elcbed by dilute acid exhibit lines or bands, due (o ■ oys- 
talline nrrangemcnl of alloys of different proportion ot Ke lo Ni, »ee Figs. 375, 376. 

Phvslcai. CHAKAntKs. — Opaquc. l.uatre, ineiallic. Color, steel.gray to iron- 
black. Slreak, metallic gray. II,, 4 to 5. Sp. gr., 7.3 'o 7.8. Tough and malle- 
able. Fracture, hackly. 

Uf.furk liLOWTii'K. Vtk. — Infiisihlc. Soluble in acids. In borax or sail of phos- 
phorus real o 1) f r ru 

I J , Fig. 376. 
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Remarks. — Occurs in large masses on Disco Island, Greenland, and sparingly in 
some basalts, pyrite nodules, etc, and locally reduced by heat from the carbonate. 
Also found in most meteorites either as chief constituent or as a spongy matrix or in 
disseminated grains. 

PYRRHOTITE.^Magnetic Pyrites, Mundic. 

Composition. — FcnSn + 1. Fe^Sy to FcuSij, with frequently small 
percentages of cobalt or nickel. 

General Description. — Usually a massive bronze metallic min- 
eral, which is attracted by the magnet and can be scratched with 
a knife. Sometimes occurs in tabular hexagonal crystals. 

Physical Characters. H., 3.5 to 4.5. Sp. gr., 4.5 to 4.6. 
Lustre, >inetallic. Opaque. 

Streak, grayish-black. Tenacity, brittle. 

Color, bronze-yellow to bronze-red, but subject to tarnish. 

Attracted by the magnet. 

Before Blowpipe, Etc — Fuses readily on charcoal to a black 
magnetic mass, evolves fumes of sulphur dioxide, but does not take 
fire. In closed tube, yields a little sulphur. In open tube, gives 
fumes of sulphur dioxide. Soluble in hydrochloric acid, with 
evolution of hydrogen sulphide and residue of sulphur. 

Similar Species. — Pyrrhotite resembles pyrite, bornite and nic- 
colite at times, but differs in being attracted by the magnet and by 
its bronze color on fresh fracture. 

Remarks. — Pyrrhotite is found in gabbros and schists and occasionally in the 
older eruptive rocks, also frequently in meteorites. It alters to pyrite, limoniie and 
siderite. 

Immense quantities are found at Strafford and Ely, Vermont ; Sudbury, Canada, 
and Lancaster Gap, Pennsylvania. The last two deposits are nickeliferous, and are 
mined for this metal. Smaller beds are common. 

Uses. — It is one of the chief ores of nickel, probably from in- 
cluded minerals; and to some extent is an ore of sulphur. 

PYRITE.— Iron Pyrites, FooPs Gold. 

Composition. — FeSj (Fe 46.7, S 53.3 per cent.), often contain- 
ing small amounts of Cu, As, Ni, Co, Au. 

General Description. — A brass -colored, metallic mineral, 
frequently in cubic or other isometric crystals or in crystalline 
masses, which may be any shape, as botryoidal, globular, stalac- 
titic, etc. Less frequently in non-crystalline masses. 
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Fig, 377- ^^- 378- ^'g- 379. 




Crvstallization. — Isometric, class of diploid, p. 20. Most com- 
mon forms are cube a. Fig. 377, and pyritohedron e. Fig. 378, a: 
2a: w a or combinations of these, Fig. 380. The octahedron 
also occurs alone, Fig. 379, or in combination with a and e. 
Figs. 381, 382, 383, and the diploid s^^a:\ 
a: la is not rare in combinations. Figs. 384, 

385- 

Twinning parallel to the dodecahedral face as 
described, p. 66, is frequent. Fig. 386. 

The faces of the cube and pyritohedron are 
frequently striated in one direction parallel to in- 
tersections of these two forms. 

Physical Characters. H., 6 to 6.5. Sp, gr., 4.9 to 5.2. 
Lu5TKE, metallic. Opaque. 

Stkeak, greenish-black. Tenacity, brittle. 

Color, pale to full brass-yellow and brown from tarnish. 
Cleavage, imperfectly cubic. 
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Before Blowpipe, Etc. — On charcoal, takes fire and burns with a 
bl ue flame, giving off fumes of sulphur dioxide, and leaving a mag- 
netic residue which, like pyrrhotite, dissolves in hydrochloric acid 
W'^ith evolution of hydrogen sulphide. In closed tube, gives a 
sulphur deposit. Insoluble in hydrochloric acid, but soluble in 
nitric acid with separation of sulphur. 

Similar Species. — Pyrite is harder than chalcopyrite, pyrrho- 
tite, or gold. It differs from gold, also, in color, streak, and brit- 
tle ness. 

'Remarks. — Pyrite is being fonned to-day by the action of the hydrogen sulphide 
^f" thermal springs upon soluble iron salts. It has been developed in many rocks by 
tK^ action of hot water on iron salts in the presence of decomposing organic matter. 
^t xnay be, also, of igneous origin. Pyrite is found in rocks of all ages, associated 
^ ''fcli other metallic sulphides and with oxides of iron. In compact specimens it is not 
^^^ily altered, but granular masses readily oxidize and are decomposed, forming sul- 
P^s^te of iron and sulphuric acid, thus acting as a vigorous agent in the decomposition 
^^ rocks. The final results are usually limonite and sulphates of calcium, sodium, 
^^gnesium, etc. Few minerals are of such general or wide-spread occurrence. The 
^<^st celebrated locality is the Rio Tinto region, in Spain, from which immense quan- 
tities of a gold- and copper-bearing pyrite are annually procured. The largest deposits 
^Qrked in the United States are at Rowe, Mass. ; Hermon, N. Y. ; and at several 
^^alities in Virginia. Innumerable large deposits are known. 

Uses.— Pyrite is burned, for the manufacture of sulphuric acid, 
in enormous quantities. Pyrite containing copper or gold is some- 
timqs treated for these metals, but, the treatment is frequently pre- 
ceded by a. burning for sulphuric acid. The use of pyrite for the 
manufacture of copperas has been superseded by a process of gal- 
vanizing iron in which copperas is a by-product. 

MARCASITE— White Iron Pyrites. 

Composition. — FeS,, as in pyrite. 

General Description. — Ferric sulphide is dimorphous. Mar- 
casite differs from pyrite in crystalline form, and in little else. 
It occurs in orthorhombic forms, and in crystalline masses. The 
compound crystals have given rise to such names as cockscomb 
pyrites, spear pyrites, etc.,from their resemblance to these objects. 
Often, with radiated structure. Color on fresh fracture is usually 
whiter than in pyrite. 

• Crystallization. — Orthorhombic, a:b\c ^= 0.7662 : i : i .2342. 
Crystals usually tabular parallel to base. 

Simple forms show unit prism ;//, basal pinacoid c and often one 
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or more brachy domes as ^= via:b:\c. Compound 
lings " with twin plane in. Fig. 391, are frequent. 
Angles are mm= 105° 5', eg = 157° 39'. 

Fig 387. Fio. 388 Fig. 389. Fig. 39I 



Liltniiz, Bohemia Folkstone, Eng. Fig. 390. 

Physical Characters. H., 6 to 6.5. Sp. gr., 4.6 to 4.9. 
Lustre, metallic. Opaque. 

Streak, nearly black. TENAcrrv, brittle. 

Color, pale brass-yellow, darker after exposure. 
Cleavage, imperfect prismatic (angle of 105" 5')- 

Before Blowpipe, Etc. — As for pyrite. 

Similar Species. — As for pyrite, from which it is only distin- 
guishable by crystalline form, cleavage, and, to a slight degree, by 
lighter color. 

Remarks. — Marcaiite is more readily decomposed than pyrile, and is, therefore, in 
even loss desirable constiluent in liiiiltling material, etc. It is found aX CummingtiMii 
Mass.; Warwick, N. V. ; Juplin, Mo. ; Haverhill, N. H. ; and in man; other localilin 
and is usually niislaken for pyrite. 

Uses, are the same as for pyrite. 

ARSENOPYRITE.— Mispickel. 

Composition-. — FeAsS. (Fe 34.4, As 46.0, S 19,6 per cent-') 
sometimes with replacement of iron by cobalt, or arsenic by ant*" 
mony in part. 

Genekal Descriitiox. — Silver white to gray mineral wit^ 
metallic lustre. U.sually compact or in granular masses oi" di *' 
seminatcd grains. Less frequently in orthorhombic crystals <=^' 
columnar. 

Ckv>i,\i,li/,.vitlis, — Orthorhombic a-.'d :c= 0.677 r I : i-'S- 
Common forms, unit prism m combined with a brachy domeeith 
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^d\b\c ox e •=. 00^ \b\\c. Cro3sed twins, Fig. 394, occur 
/elings, as in Fig. 391 of marcasite. 



Fig. 392. 



Fig. 393. 



Fig. 394. 






^les mm =111° 47', dd ^ 80° 10', ee = 146° 5^'. 

cal Characters. H. 5.5 to 6. Sp. Gr., 6 to 6.2. 

TRE, metallic. Opaque. 

EAK, grayish-black. Tenacity, brittle. 

OR, silver white to steel gray. 

AVAGE, prismatic (111° 47). 

ORE Blowpipe, Etc. — In closed tube yields a red sublimate, 
when cold. On charcoal yields abundant white fumes and 
:al odor and coating and fuses to a magnetic globule. After 
treatment the residue is soluble in hydrochloric acid with 
ion of hydrogen sulphide and precipitation of the yellow sul- 
of arsenic. The residue may react for cobalt. Insoluble in 
:hloric acid. Soluble in nitric acid with separation of sulphur. 
[LAR Species. — Massive varieties of the metallic cobalt min- 
md varieties of leucopyrite resemble arsenopyrite and are 
afely distinguished by blowpipe tests. Smaltite when mas- 
n be distinguished from cobalti/erous arsenopyrite only by 
ht reaction with hydrochloric acid after fusion. 

RKS. — Arsenopyrite is found chiefly in crystaUine rocks with other metallic 
s and arsenides. Throughout the Rocky Mountains it is a common mineral 
juently auriferous. A large deposit at Deloro, Canada, is mined for both 
ind gold. The arsenopyrite found in New England usually contains cobalt. 

s.— Arsenopyrite is the source of most of the arsenic of 
jrce, and occasionally contains enough gold or cobalt to 
r extraction. 
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LEUCOPYRITE.— Lollingite. 

CoMTOsiTios.— F«,As, to FeAs, sometimes with Co, Ni, An or S. 

General Description.— Missive sEtver-wbite nr gray metallic mineral wn* 
times occurring in onhorhombic citsuU, closely agreeing in angles with crysUliaf 
arse nop; rite. 

Physical Characters.— Opaque. Luslre, meiallie. Color, lilver-wbiie w i^ij. 
.Streak, grayish black. II. := 5 la 5.5. Sp. gr., 7 10 7.4. Brittle. Cleavage, hisaL 

Before Dlowpipe, Eic— Like ar^enopyriie. except that sulphur reactions an k« 
pronounceJ or do not appcir al all. 

MAGNETITE.— Lodestone, Magnetic Iron Ore. 

CoMPOsrxiON. — FcjO, (Fe, 72.4 per cent.) often contains Ti, Mg. 

Genekal Description. — A black mineral with black streak and 
metallic lustre, strongly attracted by the magnet and occurring in 
all conditions from loose sand to compact coarse or fine grained 
masses. 

Crystallization. — Isometric, usually octahedra. Fig. 395, 0' 



FIG. 395. 



Fic. 396. 



Fic. 397. 




loosely coherent masses of imperfect crystals, sometimes the do- 
decahedron d. Fig. 396, or a combination of these. Fig. 399, of 




Fort Henry, Ktmp. 



more rarely with t!ic anj^les modified by the tetragonal trisoctat"*" 
dron o = a-.ia: 3^, Fit;. 397- 
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ling parallel to an octahedral face occurs, sometimes shown 
ions upon the octahedral faces, as in Fig. 399. 

il Characters. H., 5.5 to 6.5. Sp. gr., 4.9 to 5.2. 

IE, metallic to submetalHc. Opaque. 

i and Streak, black. Tenacity, brittle. 

gly attracted by magnet and sometimes itself a magnet 

ne). Breaks parallel to octahedron. 

tE Blowpipe, Etc. — Fusible with difficulty in the reduc- 
le. Soluble in powder in hydrochloric but not in nitric 



—No other black mineral is strongly attracted 



AR Species.' 
nagnet. 

cs. — Haenetite occurs chiefly in ciystalline melamorphic rocks and in eiup- 
partly derived from silicates conlaining iron. It is lillle altered by expo- 
rganic mailer reduces it to fettous oxide which by oxidation becomes hcnia- 

s up about 12 per cent, of the iron ore mined in America, being obtained 
from the States of Pennsylvania, New York, New Jersey and Michigan. 
Dounts are obtained elsewhere and it is present in many localities. In this 
idestones are obtained mainly from Magnet Cove, Ark. Whole n: 
jp of this minenil in Sweden and it is practically the only ir 



-It is an important iron ore highly valued for its purity. 



Fic. 400. 



FRAN KLIN ITE. 
3S1T10N. — (Fe.Mn.Zn) (Fe.Mn),Oi. 
RAL Description. — Black mineral re- 
j magnetite. Occurs in compact 
rounded grains and octahedral crys- 
)nly slightly magnetic and generally 
>wn streak. The red ztncite and yt\- 
green wiltemite are frequent associ- 
"he crystals are modified octahedrons 
liarp cut as in magnetite. 
d Characters. H.. 6106.5. Sp. Gr., 5 to 5.2. 
IE, metallic or dull. Opaque. 

VK, brow n to black. Tenacity, brittle. 

R, black. 
:ly magnetic at times. Breaks parallel to octahedron. 
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Before Blowpipe, Etc. — Infusible. On charcoal with soda 
gives white coat of zinc oxide. In beads gives manganese reaction. 
Slowly soluble in hydrochloric acid with evolution of some chlorine. 

Similar Species. — Distinguished from magnetite and chromite 
by bead tests and associates. 

Remarks. — The only noteworthy locality is that in the vicinity of Franklin Fur- 
nace, New Jersey, Here, however, the deposit is large and has been extensively 
developed. 

Uses. — The zinc is recovered as zinc white and the residue is 
smelted for spiegeleisen an alloy of iron and manganese used in 
steel manufacture. Franklinite has also been ground for a dark 
paint. 

HEMATITE.— Specular Iron, Red Iron Ore. 

Composition. — FcjO,, (Fe 70 per cent.), often with SiO„ MgO, 
etc., as impurities. 

General Description. — Occurs in masses varying from bril- 
liant black metallic to blackish red and brick red with little lustre. 
The black is frequently crystallized, usually in thin tabular crys- 
tals set on edge in parallel position, less frequently in larger highly 
modified forms and finally in scale-like to micaceous masses. The 
red varieties vary from compact columnar, radiated and kidney- 
shaped masses to loose earthy red material. In all varieties the 
streak is red. 

Crystallization. — Hexagonal, scalenohedralclass p. 39. Axis 

^=1.36557. 

The most common forms on the Elba crystals are the unit 

rhombohedron / and the scalenohedron n ^= ^a\ ^a \ a\2c. The 

rhombohedrpn g = a: y^ a : a : ^ c also occurs. Thin plate-like 

Fig. 401. Fu.. 402. Fig. 403, 






crystals arc tlie rule at other localities. Sometimes grouped in 
rosettes, as in the ** Eiscnrosen," Fig. 404. 



Angles. — ■// — 86° ; ) 
2° 58' ; cn^ 118° 47'. 
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J6°; nH=\2Z°i'; cp\^ 122° 2^' ; gg = 




lysical Characters. H., 5.5 to 6.5. Sp. gr., 4.9 to 5.3. 
Lustre, metallic to dull. Opaque. 

Streak, brownish red to cherry red. Tenacity, brittle un- 

CoLOR, iron black, blackish red to cherry red. less micaceous. 

Sometimes slightly magnetic. 

Before Blowpipe, Etc. — Infusible. Becomes magnetic in fe- 
eing flame. Soluble in hot hydrochloric acid. In borax reacts 



RIETIES. 

Specular Iron. — Brilliant micaceous or i 



crystals. Black in 



Red Hematite. — Submetallic to dull, massive, blackish red to 
>wnish red in color. 

Red Ochre. — Earthy impure hematite usually with clay. Often 
Iverulent 

Clay Ironstone. — Hard compact red material mixed with much 
y or sand. 

Martite. — Octahedral crystals, probably pseudomorphs. 
SIMILAR Species. — Resembles at times the other iron-ores and 
ssive cuprite. It is distinguished by its streak and strong mag- 
ism after heating in reducing flame. 

EHARKS. — Usually in metamorfihic ruckii, probably foimetl from bog iron-ore by 
sure and heat. Also found in igneous rocks. Ciiangos by action of atmosplicre, 
;r, organic matter, etc., inlo limonilc, siderite and magnetite. About 72 per cent, 
te iron-ore rained in the United Stales is hematite. Ity far the larger part is obtained 
1 the Marquette and Gogebic ranges of Michigan and from the Mesabi range in 
Dcsou. Smaller but by no means inconsiderable amounts are mined in New Vork, 
bama, Missouri and other slates. 
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Uses. — In this country it supplies over two-thirds of all the iron- 
ore mined, and ranks with magnetite in purity. The earthy varieties 
are used for a cheap paint, and some massive N'arieties are ground 
for paint or polishing material. 

ILMENITE. — Menaccanite, Titanic Iron-Ore. 

Composition. — (Fe.Ti),©^, sometimes small amounts of Mg or 
Mn. 

General Description. — An iron-black mineral, usually massive 
or in thin plates or imbedded grains or as sand. Also, in crystals 
closely like those of hematite in angle. 

Crystallization. — Hexagonal. Class of third order rhombohe- 
dron p. 46. Axis ^= 1.385. Usually thick plates showing basal 
pinacoid r, unit prism ;// and unit rhombohedron /, Fig. 407, or 
without the prism, Fig. 406. Angles // = 8 5 ° 3 1 ' ; f/ = 1 22° 2'. 



Fig. 406. 



Fig. 407. 





Physical Characters.— H„ 5 to 6. Sp. gr., 4.5 to 5. 
Lustre, submetallic. Opaque. 

Streak, black to brownish-red. Tenacity, brittle. 

Color, iron-black, Slightly magnetic 

Before Blowpipe, Etc. — Infusible in oxidizing flame; slightiy 
fusible in reducing flame. In salt of phosphorus gives a redhead 
which, on treatment in reducing flame becomes violet, slowly 
soluble in hydrochloric acid and the solution boiled with tin is 
violet and on evaporation becomes rose-red. 

Similar Species. — Differs from magnetite and hematite in the 
titanium reactions. 

Remarks. — Menaccanite occurs in crystalline rocks, often with magnetite. Itis 
sometimes altered to limonite an<l to titanite. 

Immense beds occur at Bay St. Paul, Quebec, and other points in Canada. Found 
also in the county of Orange, N. V., in Massachusetts, Connecticut, and elsewhere. A 
Norwegian locality Kragero, i>, for its large crystals, perhaps the roost celebrated. 
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jES. — It is used as a constituent of the lining of puddling fur- 
s. Its freedom from impurities, such as phosphorus, would 
2 it a very desirable iron-ore if it were not for the relatively 
: amount of fuel needed to reduce it. 

QOETHITE. 

(POSITION.— FeO(OH), Fe, bi.g per cent, 

<ERAL Desckiptjon. — A yellow, red or brawn mineral, occurring in small, dis- 
priimalic crystals (orthorhomhic), uflen flaltened like scales, or needte-like, or 
ed in parallel posilioo. These shade into feather-like and velvety crusts. Oc- 
Iso massive like yellow ochre. 

VSICAL Characteks. — Opaque to translucent. Lustre, adamantine to dull. 
, yellow, reddish, dark-brown and nearly black. Streak, yellow or brownish-yel- 
H., 5105.5. Sp-gr., 4104:4. 

'ORE Blowpipe, Etc.— Fuses in thin splinters to a black raagneiic slag. In 
[tube yields water. Frequently reacts for manganese. Soluble in hydrochloric 



eof 



but is commercially classed with li 
Large depo^iits are reported in Minnesoti 









T U RQ I TE .—H y drohematite . 
-Fe.Oj (OH)„ Fe = 66.2 per cent. 
<ERAL De:jcript[ON. — Nearly black botryoidal masses and crusts resembling 
te but with a red streak and often with a fibrous and satin-like appearance on 
e. Also bright red earthy masses. Usually associated with limonite or hematite. 
siCAL Chakactebs, — Opaque. Lustre, submetallic to dull. Color, dark reddish- 
in compact form to bright red in ocherous variety. Streak, brownish red. 
5-6. Sp. Gr., 4.Z9-4.68. 

ORE Blowpipe, Etc. — Decrepitates violently, turns black and becomes magnetic, 
water in closed tube with -violent decrif-ilaHQit, 
[LAK Species. — Is distinguished from limonite and hematite 
riolcnt decrepitation when heated. 

[AKKS. — Like goethile it is frequently mistaken for and classed 
monite. It occurs with limonite at Salisbury, Conn., and 
, localities in Prussia and Siberia. It is considered an inter 
e stage in the formation of hematite from limonite. 
1. — It is an ore of iron but commercially is classed as limonite 

MONITE. — Bog'Ore, Brown Hematite 

■MPOSiTioN. — Fej(OH)jFe^03, (Fe, 59.8 per 
I. Frequently quite impure, from sand, ch> 
;anese, phosphorus, etc. 

iNERAL Description. — Never crystallized, but 
ng from the loose, porous bog-ore and earthj 
: of brown to yellow color ; to compact varie- 
iften with black varnish-like surface, and fibrous 
ted structure. Frequently stalactJtic, Fig. 408. 
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Limonite is recognized principally by its yellowish-brown streak 
and absence of crystallization. It is frequently found pseudomorplv 
ous, the original iron-bearing mineral having '* changed" to limonite. 

Physical Characters. H., 5 to 5.5. Sp. gr., 3.6 to 4. 
Lustre, varnish-like, silky, dull. Opaque. 

Streak, yellowish-brown, Tenacity, brittle, earth>^' 

Color, brown, nearly black, yellow like iron rust. 

Before Blowpipe, Etc. — In closed tube yields water, and fc^e- 
comes red. Fuses in thin splinters to a dark magnetic slag. U^ "" 
ally reacts for silica and manganese. Soluble in hydrochlo^'^c 
acid, and may leave a gelatinous residue. 

Varieties. 

Bog'Iron, loosely aggregated ore from marshy ground, offc^^n 
intermixed with and replacing leaves, twigs, etc. 

Yellow ochre, umber, etc., earthy material, intermixed with cla.3^- 

Brow7i clay ironstone ^ compact, often nodular masses, impu^^ 
from clay. 

Similar Species. — Distinguished from other iron-ores, except 
goethite, by its streak, and from the latter by lack of crystallise* 
tion. 

Remarks. — One usual result of the decomposition of any iron-bearing mineral '* 
limonite. The decomposition by water, carbon dioxide and organic acids, product* 
soluble iron salts, which are carried to some valley by the streams, and by oxidatio** 
the relatively insoluble limonite forms as a scum on the water and then sinks to tt^^ 
bottom as bog-ore. In time, by pressure, heat, etc., these deposits are compacted. 

Limonite constitutes about 15 per cent, of the iron-ore mined in the United Staic*- 
The largest deposits which are regularly mined exist in the States of Virginia, AlabaaU>>9 
Pennsylvania, Michigan, Tennessee, and Georgia. 

Uses. — It is the most abundant ore of iron, but is relativel^^ 
impure and low in iron. The earthy varieties are used as cheaS' 
paints, and after burning are darker in color, and are called bun^^-^ 
umber, burnt sienna, etc. 

COPIAPITE.— Misy. 

Composition.— Fe2(FeOH)2(S04)5 + i8H,0, (Fe,0, 30.6, SC^j 
38.3, HjO 3 1. 1 per cent.) often with some AljOs or MgO. 

General Description. — Brownish-yellow to sulphur-yello' 
mineral, occurring granular massive, or in loosely compa< 
crystalline scales, rarely, as tabular monoclinic crystals. It has 
disagreeable metallic taste. 
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physical Characters. H., 2.5. Sp. gr., 2.1. 
Lu«.TRF., pearly, feeble, Translucent. 

Streak, yellowish- white, Taste, metallic, nauseoua. 

Color, brownish-yellow to sulphur-yellow. 

Before Blowpipe, Etc. — On charcoal, fuses and becomes mag- 
netic. Yields much water in closed tube, and some sulphuric acid. 
Soluble in water. Decomposed by boiling water. With soda gives 
sulphur reaction. 



R^ZMAEKs. — CopUpite results from the oxidation of pyrile, marcasile and pjrrrho- 
tite. It occurs with these minerals and vilh other sulphates. 

MELANTERITE.— Copperas. 
CoMPOSiTioH.— FeSO, + 7H,0, (Fe,0, 25.9, SO, 28,8, H,0 45.3 per cent.). 
GsxiutAL. Desckiftion,— A pale green fibrous effloreicence on pyrile or tn»rcasite, 
or slalaclitic masiive or pulvetulent. Il has a sweet astnngeni lasle. Rarely in 
Ooaocliiiic ctystals. On exposure it becomes dull yellowish white. 

Phvsical CmaRActeks. — Translucenl. Lustre, vitreous or dull. Color, vitriol 
gitcn lo while. Streak, while. H., 2. Sp. gr., l.S to t.9. Tasle, aslringenl, sweel- 
iih. 

Before Blowpipe, Etc. — On charcoal fuse* becoming successively brown, red, and 
Anally black aDdmagaetic. With soda, yields sulphur test. In closed tube yields water 
and both sulphuric and sulphurous acids. Soluble easily in water, the solution becom- 
ing black link] on addition of nut galls. 

VIVIANITE.— Blue Iron Earth. 

Composition.— Fe,(PO,), + 8H,0. (FeO 43.0. P,0, 28.J, H,0 2S.7 per cent.). 

Genehai. Desckiftjos. — Usually found as a blue to bluish gteen eanhy miDcnl, 
often replacing otganic material as in bones, shells, horn, tree roots, etc Also found 
B3 glassy crystals (moaocUnic). colorless before exposure, but gradually becoming 
blue. 

Physical Characters. — Transparent to opaque. Lustre, vitreous to dull. Color 
and tlreak, colorless before exposure, but usually blue to greenish. H := 1.5 to 2. 
Sp. gr-, = a.58 to a.69. Brittle. 

Before Biawpipe, Etc. — Fuses easily to a black magnetic mass and colors flame 
paJe bluish-green, especially after moistening with concentrated sulphuric acid. In 
closet) tube yields water. Soluble in hydrochloric acid. The dried powder is brown. 

TRIPHYLITE. 

ConpoiiTiON.— Li( Fe.Mn ) PO.. 

Guneral Descrittiok.— Usually a translucent bluish-gray, massive mineral with 
somewhat resinous lusne, and two easy cleavages at 90° to each other. Also in nearly 
black orihorhombic crystals. 

PhvsICAL ChABAcTERS, — Translucent to opaque. Lustre, resinous. Color, blu- 
bh^gray, green, brown. Streak, white. \\.., 4.5 to 5. Sp. gr., 3.4 lo 3,56, Biittte, 
Cleavages at 90°. 
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Before Blowpipe, Etc — Fuses easily, colonng the Same cannine re 
moistening willi concenirated sulphorie acid may alw sboir a pale blue li 
in beads for iron and manganese. Soluble in bydrochloKc acid. 



SCORODITE. 

CoMPOSiTioK.— FeAsO, + aH,0. (FeO 34.6 As,0,49.8. H,& 15,6 per eem). 

Genekal Description.— Usually found as small pointed onhorhombic cfTst»Ii,ii' 

druses of crystals of either a pale bluish-green or dark brown color. More rueli 

Physical Characters. — Translucent. Lustre, viireous. Color, pale green to iiA 
brown. Slreali. white, R, 3.5 to 4. Sp. gr., 3.1 to 3.3. Bnltle. 

Before Blowpipe, Etc — On charcoal fuses easily, with a pale blue flame and fAx 
like garlic, to a brown or black magnetic mass. Easily soluble in bydrochloiic acid 
but insoluble in nitric acid. 



PHARUACOSIDERITB.- 



B Ore. 




Composition.— Fe{FeOH), (AaOJ, + 6H,0. (FeA 
40.0. AsjO, 43.1 H,0 16.9 per cent). 

Ge-nebal Description.— Groups of small bansluceol 
cubes or tnodiiied tetrahedrons ofgrecn Or yellowi<b-br'>*» 
color. More rarely granular. 

Physical Characters.— Translucent. Lostre, adanui- 
tine. Color, emerald or olive-green, or yellowish-broW- 
Streak, paler than color. H., 1.5. Sp. gt., 2.9 \o J- 
Slighll}' sectilc. 

Before Blowpipe, Etc. — As for scorodiie. 



Flo. 410. 



SIDE RITE.— Spathic Ore. 

Composition. — FeCO, (FeO 62.1, COj 37.9 per cent) usua^'y 
with some Ca, Mg or Mn. 

Geser.^l Description. — Occurs gran- 
ular massive of a gray or brown color and 
also in masses with rhombohedral cleav- 
age and rhombohedral crj'stals. At times 
it is quite black from included carbona- 
ceous matter. 

Crvst.iluz.\tion. — Hexagonal. Sca- 
lenohedral class p. 39. Axis c = 0.8184. 
Usually rhombohedrons of 107°, often with curved (composS 
faces like those of dolomite. Optically, — with strong double 
fraction. 
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, Physical Characters. H., 3.5 to 4. Sp. gr, 3.83 to 3.88. 
Lustre, vitreous to pearly. Opaque to translucent. 

Streak, white or pale yellow. Tenacity, brittle. 

Color, gray, yellow, brown or black. 
Cleavage, i-hombohedral RaRt= 107°. 

Befoke Blowpipe, Etc. — Decrepitates, become black and mag- 
netic and fuses with difficulty. Soluble in warm acids with effer- 
vescence. Slowly soluble in cold acids. May react for man- 
ganese. 

Similar Species. — It is heavier than dolomite and becomes mag- 
netic on heating. Some stony varieties resemble varieties of sphal- 
erite. 

Reharks. — Siderite occurs a^ beds in gneiss, mica and cUf-ilate, etc., and as 
stony impure malerial in Ihc coal fotmalion. Frequently with mclflllic ores. It ii> 
probably chiefly formed by ihe action of decayini; vegetalion on limonlle. An impure 
»derile forms Ihc cliicf ore in Cornwall and other English mine^ It is found at Cats- 
kill, N. Y., and in the coal regiont of Pennsylvania, Ohio, Virginii, ind Tennessee, 
in Taijing qiunlities, bul forms only a little over one per cent, of American iron ore. 

Uses. — It is used as an ore of iron and when high in manganese 
it is used for the manufacture of spicgeleisen. 

CHROMITE.— Chromic Iron. 

Composition. — FeCr,Oj, (FeO 32, Cr,0, 63 per cent.), some- 
times with AljO, or MgO as replacing elements. 

General Descripiios. — Usually a nia.ssive black mineral resem 
bling magnetite. Occurs either granular or compact or as dissem-H 
inated grains. Rarely in small octahedral crystals. Frequently 
with more or less serpentine, mechanically intermi.xed, giving rise 
to green and yellow spots and streaks. 

Physical Characters. H., 5.5. Sp. gr,, 4.3 to 4.6. 
Lustre, sub-melallic to metallic. Opaoue. 

Streak, dark-brown. Tenacitv. brittle. 

Color, black. May be slightly magnetic. 

Before Blowpipe, Etc. — Infusible, sometimes slightly fused by 
reducing flame, and //if/i becomes magnetic. In salt of phos- 
phorus, in oxidizing flame, gives yellow color hot, but on cooling 
becomes a fine emerald-green. With soda and nitre on platinum 
fuses to a mass, which is chrome-yellow when cold. Insoluble in 
acids. 
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Similar Species. — Chromite is distinguished from otln^r black 
minerals by the salt of phosphorus reactions, and to a consider- 
able extent by the serpentine with which it occurs. 

Remarks. — Chromile occurs in veins and masses in serpentine and has been rouDd 
in large isolated pockeu in Southern Pennsylvania and around Baltimore, Md., but 
the richest ore has been exhausted, and inost of the ore now used is brot^bt Aoai 
Turkey and frain New Caledonia. Extensive deposits are also found in Del None, 
San Luis Obispo, Sbasta and Placer Counties, California, hut of somewhat lower 

Uses. — Chromite is the source of the various chromium com- 
pounds, such as potassium bichromate, the chrome colors, etc. It 
is also used in the manufacture of a hard chrome steel. 

COLUMBITE.— Tantalite. 
Composition.— Fe(CbO,),, (FeO 17.3, Cb,0, 81.7), but grading into tanialiie. *' 
(TaO,), without change of crystalline form. Mn is often present. 
General Descriptiok.— Black, often iridescent prismatic crystals, \t, 



Mor 



relyn 



jfErsa-n- 
bb<=l'- 



PirvsLCAL Ckaracters.— Opaque. Lustre, bright sub-metallic. Color, 
Streak, dark-red to black, H., 6. Sp. Gr , 54 10 6.5. Brittle. Cleavage in t *' 
directions at right angles. 

Before BLowriPE. Etc — Infusible. Fused with potassium hydroiide and boil * 
with tin gives deep-blue solution. Insoluble in acids. 

WOLFRAMITE. 

Composition.— (Fe.Mn) WO,. (About 76.5 per cent. WOj.) 
General DEscRiPnON. — Heavy dark-gray to black sub-metallS 
crystals, orthorhombic in appearance, and also in granular C3 




Crystallization. — Monoclinic. Axes a\b: 
= 0.830 : I : 0,868, ^ = 89° 23'. _ 

Usual combination shown in Fig. 411 of un-=3 
prism 7/1, ortho pinacoid a, unit clinodome d an — - 
+ and — ortho domes i- = a : ao b: yic Angle=* 
»iin= 100° 37 ; dd= 98° 6' ; «i' 118° 6' ; at== 
1 17° 6'. 



Physical Characters. H., 5 tc 

Lustre, sub-metallic. 
Stkeak, dark-brown to black. 
Color, dark-gray to black. 



Sp. gr, 7,1 107.55. 
Opaque, 

Tenacity, brittle. 
Slightly magnetic. 
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Before Blowpipe, Etc. — Fuses readily to a crystalline'globule, 
"which is magnetic. In salt of phosphorus yields a reddish -yellow 
glass, which in reducing flame becomes green, and if this bead is 
pulverized and dissolved with tin, in dilute hydrochloric acid, a 
blue solution results. 

Partially soluble in hydrochloric acid, the solution becoming 
blue on addition of tin. 

Similar Species. — Distinguished by its fusibility and specific 
gravity from similar iron and manganese minerals. 

Remarks. — Wolframite occurs in tin veins and deposits and with other metallic 
minerals. It occurs altered to Scheelite and also pseudomorphous after scheelite. It 
is common in the Cornwall and Zinnwald tin mines. It is also found at Flowe Moun- 
tain, N. C, Monroe and Trumbull, Ct., Black Hills, Dakota, Mine la Motte, Mo., and 
elsewhere. 

Uses. — It is used to make an alloy of tungsten with steel, espe- 
cially valued for permanent magnets, and as a source of tungsten 
salts, especially tungstic acid and sodium tungstate, which are used 
in dyeing, and as material to render cotton less imflammable. 



CHAPTER XXI. 
THE MANGANESE MINERALS. 

The minerals described are* Sulphide. — alabandite. Oxides. — 

BRAUNITE, HAUSMANNITE, PYROLUSITE, MANGANITE, PSILOMELANE, 

WAD. Pliosphates. — ^triplite. Carbonate. — rhodochrosite. 

The principal economic use of manganese minerals is in the pro- 
duction of the alloys with iron, spiegeleisen and ferromanganese, 
used in the manufacture of steel. About nine-tenths of all the 
manganese ore mined is used for this purpose. The method of 
smelting is very like that used in the manufacture of pig-iron. 

Minor uses are in the manufacture of chlorine, oxygen, disinfect- 
ants, driers for varnishes ; as a decolorizer of glass and to color 
glass, pottery and bricks ; in dyeing calico, making paints, etc. 

In the West, especially Colorado and Arizona, manganese ores 
often carry silver, and several thousand tons are smelted each year 
with other silver-bearing minerals, the manganese acting as a 
flux. 

The manganese minerals important as ores are the oxides 
pyrolusite, psilomelane (including wad), braunite and manganite. 
In 1898 the United States produced 217,782 long tons of man- 
ganese ore.f 

ALABANDITE.— Manganblende. 

Composition. — MnS, (Mn 63.1, S 36.9 per cent.). 

General DEscRirriON. — A dark iron-black metallic mineral with an olive green 
powder or streak. Usually massive, with easy cubic cleavage and occasionally in cubic 
or other isometric cr\'stals. Also massive granular. 

Physical Characters. — Opatjue. Lustre, metallic. Color, deep black with brown 
tarnish. Streak, olive green. H., 3.5 to 4. Sp. gr., 3.95 to 4.04. Brittle. 



*The common silicate, rho<lonite, which has no economic importance, is described 
under the silicates. 

I Mineral Industry y 1 899, p. 499. 
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**^*ORE Blowpipe, Etc. — Turns brown, evolves sulphur dioxide and fuses. 
^^ sulphur reactions with soda. Soluble in dilute hydrochloric acid with rapid 
^»utioo of hydrogen sulphide. 

Similar Species. — It is distinguished from all similar species by its streak. 
Remarks. — The other manganese minerals are derived in part from the alteration 
^' this species. It occurs with other metallic sulphides. 

BRAUNITE. 

Composition. — Mn^O,, but usually containing MnSiOj. 
General Description. — Brownish black granular masses and 
occasional minute tetragonal pyramids almost isometric, d = 0.985. 

Physical Characters. H., 6 to 6.5. Sp. gr., 4.75 to 4.82. 
Lustre, submetallic. Opaque. 

Streak, brownish black. Tenacity, brittle. 

Color, brownish black to steel gray. 

Before Blowpipe, Etc. — Infusible. With borax an amethys- 
tine bead. Soluble in hydrochloric acid, evolving chlorine and 
generally leaving gelatinous silica. 

Similar Species. — Resembles hausmannite, but has a darker 
streak and is harder. 

Uses. — It occurs in large quantities in India and smaller amounts 
elsewhere, and is an ore of manganese. 

Fig. 413. Fig. 414. 

Fig. 412. 





Bratmite>^ = I02® 15^ Hausmannite, // = 105® 26^ 

hausmannite. 

COBCPOSITION. — Mn,04. (Mn,0, 69.0, MnO 31.0 per cent.). 

General DESCRIPnoN. — Black granular strongly coherent masses occasionally in 
simple and twinned tetragonal pyramids which are more acute than those of braunite, 
^=1.174. 

Physical Characters.-— Opaque. Lustre, submetallic. Color, brownish black. 
Streak, chestnut brown. H., 5 to 5.5. Sp. gr., 4.72 to 4.85. Strongly coherent. 

Before Blowpipe, Etc. — Infusible, C-jlors borax bead amethystine. Soluble 
in hydrochloric acid with evolution of chlorine. 

Similar. Spscess.— Differs from braunite in hardness, streak and absence of silica. 
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PYROLUSITE.— BUck Oxide of Manganese. 

Composition. — MnO,, {Mn 63.2 per cent). 

General Description.— A 
^■°- ■**S. soft black mineral of metallic 

lustre. Frequently composed 
of fibres or columns often ra- 
diated, but also found fine 
grained, massive, stalactitic, 
and as velvety crusts. It is 
also the common dendrites, 
Fig. 41;. Usually soils the 
fingers. Frequently in alter- 
nate layers with psilomelane. 

S- Sp. gr., 4.7 to 4.86. 
Opaque. 
Tenacity, rather brittle. 




Florence, Ilaly. 



Physical Characters. H., i 
Lustre, metallic or dull. 
Streak, black. 
Color, black to steel gray. 

Before Blowpipe, Etc. — Infusible, becomes brown. Usually 
yields oxygen and a little water in closed tube. Colors borax 
bead amethystine. Soluble in hydrochloric acid with evolution of 
chlorine. 

Similar Species. — Distinguished by its softness and black streak 
from other manganese minerals. 



of manganite aod the altera- 
wilh psilomelane, hematile, Umon- 



Remarks. — Pyrolusile results from the dehjrdral 
lion of alabandile and rhodochrosite. It 
ite or manganite. 

By far Ihe larger part of all that is mined in this country is obtained from Crimen, 
Vs., Cartereville, Ga., and Batesville, Atk. Other depo-ils exist in California, Ver- 
mont and North Carolina. Large amounts are annually imported from Caba. The 
puresl material for use in glass making is obtained near Sussex, N. B, and from the 
Tenny Caiie diilrict. Nova Scotia. 

Uses. — Pyrolusite is used in the manufacture of chlorine and 
oxygen, and in the preparation of spiegeleisen. Also in coloring 
and decolorizing glass and as an oxidizing agent in varnishes, 
linseed oil, etc. 

MANGANITE. 

COMrosiTios-. — MnO(OH), (Mn 62,4,0 27.3, H,0 10.3 per cent.). 
GE-VEiRAL DE-scRiFnoN. — Occurs in long and short prismatic 
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V^^horhombic) crystals often grouped in bundles with fluted or 
'^^Unded cross-section and undulating terminal surface, rarely mass- 
^^e, granular or stalactitic. 

Physical Characters, H., 4. Sp. gr., 4.2 to 4.4. 
Lustre, submetallic. Opaque. 

Streak, reddish brown to black. Tenacity, brittle. 

Color,- steel gray to iron black. 

Before Blowpipe, Etc. — Like pyrolusite, but yields decided t^st 
for water and very little oxygen. 

Remarks. — Frequently formed by deposition from water. By alteration it forms 
other manganese minerals such as pyrolusite. 

PSILOMELANE.— Black Hematite. 

Composition. — Perhaps Mn02+ (HjO, KjO or BaO) or H4Mn05, 
jvith replacement by Ba or K. 

General Description. — A smooth black massive mineral com- 
nonly botryoidal, stalactitic or in layers with pyrolusite. Never 
crystallized. 

Physical Characters. H., 5 to 6. Sp. gr., 3.7 to 4.7. 
Lustre, submetallic or dull. Opaque* 

Streak, brownish black. Tenacity, brittle. 

Color, iron black to dark gray. 

Before Blowpipe, Etc. — Infusible.* In closed tube yields 
oxygen and usually water. Soluble in hydrochloric acid, with 
evolution of chlorine. A drop of sulphuric acid added to the solu- 
tion will usually produce a white precipitate of barium sulphate. 

Similar Species. — Distinguished from pyrolusite by its hard- 
ness, and from limonite by its streak. 

Remarks. — Its localities are the same as for pyrolusite, and the two minerals are 
usually mined together. 

Uses. — ^As for pyrolusite ; the products, however, are less pure. 

WAD. — Bog Manganese. 

Composition. — Mixture of manganese oxides, with often oxides of metals other than 
nanganese such as cobalt, copper and lead. 

General Description. — Earthy to compact indefinite mixtures of different metal- 
ic oxides, in which those of manganese predominate. Dark brown or black in color; 
>(ttn soft and loose, but sometimes hard and compact. 



* May become magnetic from impurities. 
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Physical Characters. — Opaque. Lustre dull. Color brown to black. Strcx 
brown. H., ^ to 6. Sp. gr., 3 to 4.26. Often soils the fingers. 

Before Blowpipe, Etc. — As for psilomelane, but often with strong cotMiIt o 
copper reactions. 

Uses. — Wad is used as a paint and in the manufacture of chlorine. 

TRIPLITE. 

Composition. — (RF)RP04. R chiefly manganese and iron. 

General Description. — A resinous, brown to nearly black mineral, usual// 
massive and often showing cleavage in two directions at 90^ to each other. Sometimes 
occurs as a stain on other minerals. 

Physical Characters. — Opaque or nearly so. Lustre resinous. Color brown to 
nearly black. Streak gray to brown. H., 4 to 5. Sp. gr., 3.44 to 3.8. 

Before Blowpipe, Etc. — Fuses very easily to a black magnetic mass. Yields t 
bluish-green flame, which sulphuric acid makes plainer. Colors borax bead amethys- 
tine. When heated with sulphuric acid, evolves fluorine. Soluble in hydrochloric 
acid. 

RHODOCHROSITE. 

Composition. — MnCOg, (MnO 61.7, COj 38.3 per cent) with 
Fig 416 partial replacement by Ca, Mg or Fe. 

General Description. — Occurs in rhom- 
bohedral crystals, but more frequently massive 
cleavable, or granular or compact. Less fre- 
quently botryoidal or incrusting. 

Crystallization. — Hexagonal. Scaleno- 
hedral class, p. 39. Axis 6- = .8184. Angles 
as in siderite. Usual form a rhombohedron of 107°. Optically.— 

Physical Characters. H., 3.5 to 4.5. Sp. gr., 3.3 to 3.6. 
Lustre, vitreous to pearly. Transparent to opaque. 

Streak, white. Tenacity, brittle. 

Color, light pink, rose red, brownish red and brown. 
Cleavage, parallel to rhombohedron (angle 107°). 

Before Blowpipe, Etc. — Infusible, but decrepitates violently 
and becomes dark colored.* In borax yields amethystine bead. 
Soluble in warm hydrochloric acid, with effervescence, slowly sol- 
uble in the cold acid. | 

Similar Species. — Distinguished from rhodonite by form, clea>4 
age, effervescence and infusibilit>^ 

Remarks. — Principally found in ore-veins, especially with ores of manganese and 
silver. On exposure, sometimes loses color or becomes spotted by oxide. Found at 
Mine Hill, N.J. ; Butte, Montana; Austin, Nev. and elsewhere. It is not mined, 
however, in this country. The only producing localities are Merionethshire, Wales^ 
and Chevron, Belgium. 




May become magnetic from impurities. 



CHAPTER XXII. 
NICKEL AND COBALT MINERALS. 

THE COBALT MINERALS. 

he cobalt minerals described are : Sulphides and Arsenides, Lin- 
Te, Cobaltite, Smaltite ; Arsenates, Erythrite. 
he metal cobalt has, as yet, no important use ; the oxide is 
I to impart a blue color to glass and pottery. The chief com- 
cial compound is Smalt, a cobalt glass, the cobalt replacing 
calcium of ordinary glass. This is ground and used as a fine 
i pigment, which is unaltered by exposure. 
Cobalt blue and Rinmann's green are compounds of cobalt with 
nina and zinc oxide respectively. 

he extraction of cobalt from a nickeliferous matte is an elabor- 
chemical operation involving solution in hydrochloric acid, pre- 
tation of manganese and iron as basic carbonates, and of other 
als as sulphides, leaving a solution of chloride of nickel and co- 
From these the cobalt is precipitated with great care, by 
ns of calcium hypochlorite, as cobaltic hydroxide, after which 
nickel is precipitated as hydroxide by lime-water. By using 
::ted ores, mattes especially rich in cobalt may be obtained 
for ordinary purposes the small nickel contents are neglected. 

LINNiEITE.— Cobalt Pyrites. 

OMPOSiTiON. — (Co.Ni)3S^, often with some Fe or Cu replacing. 
ENERAL Description. — A steel-gray metallic mineral, usually 
ranular or compact masses intermixed frequently with chal- 
''rite ; also in small isometric crystals, usually the octahedron /, 
417, or this with the cube a, Fig 418. 

Fig. 417. Fig. 418. 




^balt is sometimes found in arsenopyrite. Asbolite is a black earthy oxide of 
and manganese. 
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Physical Characters. H., 5.5. Sp. gr., 4.8 to 5. 
Lustre, metallic. Opaque. 

Streak, nearly black. Tenacity, brittle. 

Color, steel-gray, with reddish-tarnish. 
Cleavage, cubic imperfect. 

Before Blowpipe, Etc. — On charcoal fuses to a magnetic glob- 
ule, and gives off fumes of sulphur dioxide. In borax bead gives a 
deep blue color, and with frequent replacement of borax the red 
bead of nickel may be obtained. Soluble in nitric acid to a red 
solution and with separation of sulphur. 

Remarks. — Occurs with other cobalt and nickel minerals and with chalcopjrTite, 
pyrrhotite, bomite, at Mine La Motte, Mo., Lovelock's Station, Nev,, and in a few 
other American localities. 

Uses. — Does not occur in large amounts, but is used as a source 
of both cobalt and nickel. 

COBALTITE.— Cobalt Glance. 

Composition. — CoAsS, (Co 35.5, As 45.2, S 19.3 per cent.) 
General Description. — A silver white to gray metallic min- 
eral resembling linnaeite in massive state but in crystals differing in 
that the forms are the pyritohedron e, and cube a, and these com- 
bined, Fig. 421. 



Fig. 419. 



Fig. 420. 



Fig. 421, 




.-.f» 





Physical Characters. H., 5.5. Sp. gr. 6 to 6.1. 
Ll'stre, metallic. Opaque. 

Streak, black. Tenacity, brittle. 

Color, sihcr white to gray. Cleavage, cubic. 

Bkfore Blowpipe, Etc. — On charcoal fuses to a magnetic glob- 
ule and evolves white fumes with garlic odor. Unaltered in closed 
tube. Soluble in warm nitric acid to rose-red solution, with resi- 
due of sulphur and arsenous oxide. 
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Uses. — It is used in the manufacture of smalt and in porcelain 

painting. 

SMALTITE. 

Composition. — (Co.Ni) Asg. varying widely in proportion of 
cobalt and nickel, and usually containing some iron also. 

General Description. — A tin-white to steel-gray metallic min- 
eral resembling linnaeite and cobaltite. Usually occurs granular 
niassive, but also in isometric crystals, especially modified cubes 
^'ith curved faces. 

I^hysical Characters. H., 5.5 to 6. Sp. gr., 6.4 to 6.6. 
Lustre, metallic. Opaque. 

Streak, black. Tenacity, brittle. 

Color, tin-white to steel-gray. Cleavage, octahedral. 

Before Blowpipe, Etc. — On charcoal fuses, yields white fumes 
with garlic odor and leaves a magnetic residue, which, when oxi- 
dized in contact with frequently replaced borax, yields successively 
slags colored by iron, cobalt, nickel and possibly by copper. In 
closed tube yields arsenical mirror. Soluble in nitric acid to a red 
to green solution according to proportion of cobalt and nickel. 
Partially soluble in hydrochloric acid, especially so after fusion, 
but yields no voluminous precipitate of yellow arsenic sulphide, 
as does arsenopyrite when similarly treated. 

Similar Species. — Differs from linnaeite and cobaltite in cleav- 
age, specific gravity ana blowpipe reactions. Differs from most 
arsenopyrite and tetrahedrite in the cobalt blue slags which it 
yields. It can best be distinguished from cobaltiferous arseno- 
pyrite by the reaction in acids after fusion. 

Remarks. — By oxidation produces arsenates of cobalt (erythrite) and nickel (an- 
nabergtte). Occurs in veins with other metallic minerals, especially ores of copper, 
silver, nickel and cobalt. Elspecially abundant in the nickel mines of Saxony. Found 
at Chatham, Ct« Franklin Furnace, N. J., and in California. 

Uses. — It is the chief ore of cobalt. 

ERYTHRITE. 

COMPOSmON.— Coj(AsO«)«.8H,0, (CoO 37.5, As^Oj 38.4, H^O 24.1 per cent.). 

General DescRIFIION. — Groups of minute i^each red or crimson crystals forming 
a dmsy or velvety surface. Also in small globular forms or radiated or as an earthy 
iDcmstation of pink color. 
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Physical Characters. — Translucent. Lustre, adamantine or pearly. Color, 
crimson, peach red, pink and pearl gray. Streak, paler than color. H., 1.5 to 2.5. 
Sp. gr., 2.91 to 2.95. Flexible in laminae. 

Before Blowpipe, Etc. — On charcoal fuses easily, evolves white fumes with gariic 
odor, and leaves a magnetic residue, which imparts the characteristic blue to borax 
bead. Soluble in hydrochloric acid to a light red solution. 

THE NICKEL MINERALS. 

The nickel minerals described are : Sulphides ^ Millerite, 
Pentlandite, Gersdorffite ; Arsenides, Niccolite, Chloan- 
thite; Arsenate, Annabergite; Carbonate, Zaratite; SUicaie, 
Garnierite. 

Metallic nickel is extensively used in different alloys, and, in- 
deed, was first obtained as a residual alloy with copper, iron and 
arsenic, in the manufacture of smalt. This alloy was called Ger- 
man silver or nickel silver and largely used in plated silverware. 
Later, a large use for nickel was found in coins, the United States 
Mint alone using nearly one million pounds between 1857 and 
1884. In this alloy copper is in large proportion, the present 
five cent piece being 25 per cent, nickel, 75 per cent, copper, and 
in other coins the percentage of copper being still greater. The 
most extensive application of nickel at present is in the manufac- 
ture of nickel steel for armor plates and other purposes. The 
uses of nickel steel are continually increasing as the metal has 
some excellent properties possessed by no other alloy. To a 
limited extent nickel is used in a nickel-copper alloy for casing 
rifle bullets. 

A sulphate of nickel and ammonium is also manufactured in 
large amounts for use in nickel plating. 

The nickel of commerce is nearly all obtained either from the 
garnierite of New Caledonia or from the deposit of nickel-bearing 
sulphides at Sudbury, Ontario. The garnierite is smelted in a 
low blast furnace, with coke and gypsum, and the matte of nickel, 
iron and sulphur thus produced is alternately roasted and fused 
with sand, in a reverberatory furnace, until nearly all the iron has 
been removed. The nickel sulphide, by oxidation, is converted 
into oxide. 

Nickel oxide is obtained from the pyrrhotite and chalcopyrite 
of Sudbury, Canada. The ore is first roasted, which removes 
much of the sulphur, and is then smelted, together with nickel- 
bearing slags of previous operations. A nickel matte carrying 



i 



NICKEL AND COBALT MINERALS, 223 

much copper and some iron is produced through which air is 
blown in a silica lined Bessemer converter and most of the iron is 
carried into the slag. A matte, rich in nickel and copper, results. 
This may be directly roasted and reduced by carbon to produce 
tiickel-copper alloys for the manufacture of German silver. In 
order to separate the nickel the concentrated matte is fused with 
sodium sulphate and coke, after which the melted sulphides are 
allowed to settle. Under these conditions the copper and iron 
sulphides form a very fluid mass with the soda, and, with some 
nickel, rise to the top while the lower portions of the mass are 
highly nickeliferous. The two layers are separated and each is 
retreated in much the same manner. The nickel sulphide result- 
ing is partially roasted and is fused with sand, by means of which 
most of the iron is removed as a silicate in the slag. The nickel 
sulphide remaining is by oxidation converted into the oxide. The 
oxide is sold directly to steel makers or may be reduced to metal 
by mixing with charcoal and heating, white hot, in a graphite 
crucible. 

The world's annual output of nickel is about 6000 short tons. 

Nickel is now successfully refined by electrolysis, but the de- 
tails of the process are jealously guarded. It is doubtful, however, 
if nickel can be separated from cobalt in this manner although 
most other impurities are removed. 

A method both for the extraction of nickel from its ore and for 
its separation from cobalt promises to supersede those now in use. 
The process is based on the discovery that when carbon monoxide 
is passed over heated nickel, volatile nickle carbonyl, Ni(CO)^, 
is formed. This is the only volatile nickel compound known, 
and as cobalt does not react in this way, the separation of nickel 
from cobalt is easily accomplished. The reconversion of the 
nickel carbonyl into nickel and carbon monoxide is a simple 
operation. 

MILLERITE.— Capillary Pyrites. 

Composition. — NiS, (Ni 64.4 per cent.). 

General Description.— A brass-colored mineral with metallic 
lustre^ especially characterized by its occurrence in hair-like or 
needle crystals, often interwoven or in crusts made up of radiating 
needles visible on fracture. Hexagonal. 
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Physical Characters. H., 3 to 3.5. Sp. gr., 5 3 to 5.65. 
Lustre, metallic. Opaque. 

Streak, greenish-black. Tenacity, crystals elastic. 

Color, brass or bronze yellow. 

Before Blowpipe, Etc — On charcoal spirts and fuses to a 
brittle magnetic globule, which will color borax red. Soluble in 
aqua regia to a green solution, from which potassium hydroxide 
precipitates a green nickelous hydroxide which is again soluble in 
ammonia to a blue solution. 

Remarks. — Millerite has probably been formed in the same way as pyrite. It is 
probable that the nickel in pyrrhotite is there as millerite. Other associates are 
siderite. liematite and dolomite. In the United States it has been obtained chiefly 
from the Lancaster Gap mine, in Pennsylvania, and at Antwerp, N. Y. 

Uses. — It is a valued ore of nickel. 

PENTLANDITE. 

Composition. — ( Fe. Ni )S. 

General Description. — Light bronze-yellow, granular masses of metallic lustre, 
usually with chalcopyrite or pyrrhotite. 

Physical Characters. — Opaque. Lustre, metallic. Color, bronze yellow. 
Streak, black. H., 3.5-4. Cleavage, octahedral. Sp. gr., 4.6-5. Britde. 

Before Blowpipe, Etc. — Fuses readily to a magnetic globule which reacts for iron 
and nickel. 

Remarks. — Occurs at Sudbury, Ontario, where it is mined for nickel. 

GERSDORFFITE. 

Composition. — NiAsS (Ni 35.4, As 45.3, S 19.3 per cent.) Ni often replaced by 
Fe or Co. 

General Description. — Usually massive, fine grained light steel gray. Occasion- 
ally small isometric crystals like those of pyrite. 

Physical Characters. — Opaque. Lustre, metallic. Color, light-steel gray. Streak, 
black. Brittle. H., 5.5, Sp. gr., 5.8-6.2. 

Before Blowpipe, Etc. — Fuses easily with decrepitation to a metallic globule gi«ng 
off white fumes of arsenic trioxide. Residue is magnetic, and gives sulphur reaction. 
Borax bead may yield nickel reaction, but this is often masked by cobalt or iron. 

Remarks. — Various uncertain minerals or mixtures have been referred to gersdoHfitc. 
It occurs incrusting decomposed galenite and sphalerite at Phcenixville, Pa., and io 
Sweden, Harz, Styria, etc. 

NICCOLITE.— Copper Nickel. 

Co.MPOSiTiON. — NiAs, (Ni 43.9 per cent.). As is replaced to 
some extent by Sb or S, and Ni by Fe or Co. 

General Description. — A massive mineral of metallic lustre, 
characteristic pale copper red color and smooth impalpable struct- 
ure. Sometimes the copper-red kernel has a white metallic crust. 
Occasionally occurs in small indistinct hexagonal crystals. 
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Physical Characters. H., 5 to 5.5, Sp. gr,, 7.3 to 7.67. 
Lustre, metailic. Opaql'E. 

Streak, brownish-black. Tenaciti*, brittle. 

Color, pale copper red with dark tarnish. 

Before Blowpipe, Etc. — On charcoal fuses easily, giving off 
white fumes with garlic odor and leaving a magnetic residue, which 
will color borax bead red and sometimes blue, in which case 
the borax must be renewed until the cobalt is all removed. In 
open tube yields a white sublimate and a yellowish- green pul- 
verulent residue. Soluble in concentrated nitric acid to a green 
solution, which may be tested as under millerite. 

Similar Species. — Differs from copper in hardness, black 
streak and brittleness. 

RlLMAKKs.— Us mosl nljundani American localiiies are al Lovelock's, Nevada, and 
Till Cove, Newroundland. Alw obtained al Chatham, Conn,, and ThunJer Bay, 
t^lce Superior. 

Uses. — It is an important ore of nickei. 
CHLOANTHITE. 
Composition.— NiAs,.Nij8.i percent., Ni often replaced b>- Fc and Co. 
GE^eelui. Uksckiition. — Tin white to steel gray metallic mineral whicb reiiembles 
smallite. uid by Tcplaceinenl of nickel by cobalt gradually grades inlo that mineial. 
Physical Characters.— Like smoltitc. 

Brpiire BLOwriPE. Etc.— Like snmliiie except that a nickel reaction is imparted to 
imrvx lir (lie pure niinenl. 

AN NAB ERGITE.— Nickel Bloom. 

Composition— Ni,(A50,),.8H,0, (NiO 37h4.A.3,Oj38.5. HjOi+.i per cent.). 
GE.tSBAI- Description.- Pale apple-crecn crusts, and occasionally very small 
holt-ttke etyslals. Uiually occurs on niccolile or smallile. 

PuVSICaL CHARAdTRS. — Dull. Color, apple-green. Streak, greenish- white. 

H.. I. 

Betobb Bi.oWPtPE. Etc.— On charcoal, fuses easily to a magnetic button, and be- 
comes ilnll and yellow iluKng fusion, evolving gatlk odor. In closed tabe, yields 
water and darkens. With borai, gives red bead. Soluble in nitric acid. 

Remarks. — Results from the oiidation of ntccolite or iinaltite in moist air. 

ZARATITE.— Eraerotd Nickel. 

CoHlHjsiTiiJS.- NiCOj 2Ni(0H j, 4H,0, (NiO 59,6 CO, 1 1.7 H,0, 28.7 per cent.), 

GeHSRAJ. Description,— Occurs only as a thin vsrnish-like coating upon nickel- 
hcarini' cbromite or magneiiie. 

Phvacal Characters. — Trantlueenl. LuMre, vitreous. Color, emerald -green. 
Simk, imlcgreen. H., 3 to 3 ij. -"ip- gr.. ^.57 10 1.69. Brittle. 

Befurb Blowpipe, Etc— Infusible. Color* borax bead red. In closed tube, 
fields w*Mr. Solulilc in warm dilute hyilrochloric acid, with clfervesceDce, lo a green 
solnliou. 



\ 
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GARNIERITE.— Noumeite. 

Composition.— H,(Ni.Mg)SiO, + Hpor2(Ni.Mg).SiA3.3HA 
General Description. — Loosely compacted masses of brilliant 
dark-green to pale-green mineral, somewhat unctuous. Structure 
often small mammelonated, with dark-green, varnish-like surfaces, 
enclosing dull green to yellowish ochreous material. Easily 
broken and earthy. 

Physical Characters. H., 2 to 3. Sp. gr., 2.27 to 2.8. 

Lustre, varnish-like, to dull. Opaque. 

Streak, light green to white. Tenacity, friable. 

Color, deep green to pale greenish-white. 

Unctuous, adheres to the tongue. 

Before Blowpipe, Etc. — Infusible, decrepitates. In closed tufc>« 
yields water. Colors borax bead red. Partially soluble Jr« hydro- 
chloric and nitric acids. 

Similar Species. — Differs from malachite and clvi' vcoua a^^ 
structure and unctuous feeling. Differs from serpentine in 
color and nickel reaction. 



Remarks. — Occurs in New Caledonia in veins in serpentine, with chromitc ai 
talc. Possibly derived from a nickel-bearing chrysolite. Deposits are also knowa a.t 
Riddles, Oregon and Webster, N. C. 

Uses. — It is now the chief source of nickel. 



CHAPTER XXIII. 

ZINC AND CADMIUM MINERALS. 

THE ZINC MINERALS. 

The zinc minerals described are : Sulphide — sphalerite. Oxide 
— ziNciTE. Sulphate — GOSLfVRiTE. Carbonates — smithsonite, hy- 
ORoziNCiTE. Silicates — willemite, calamine. 

The important ores of zinc are sphalerite, smithsonite, and cal- 
amine ; nd, in New Jersey, willemite and zincite occur in quan- 
tity : it to be considered ores. A large amount of zinc oxide 
is also nic from franklinite which is described under the iron 
minerals. 

In this country, Missouri, Kansas. Indiana and Illinois yield 
most of the zinc ore, although other important regions are Penn- 
sylvania, New Jersey, and Virginia. The western ore contains 
lead ore, from which it is separated by concentration. In all, in 
iS 99, this country produced 135,796 tons of metallic zinc and 
J 1 ,663. tons of zinc oxide were manufactured.* 

The principal uses of metallic zinc are in galvanizing iron wire 
or sheets and in manufacturing brass. A smaller amount is made 
into sheet zinc and zinc dust. 

Metallic zinc is obtained by distillation of its roasted ores with 

carbon. The sulphide and carbonate, by roasting, are converted 

into oxide, and the silicates are calcined to remove moisture. The 

impure oxides, or the silicate, are mixed with fine coal and charged 

in tubes or vessels of clay, closed at one end and connected at the 

other end with a condenser. These are submitted to a gradually 

\ncrt^s\v\^ temperature, by which the ore is reduced to metallic 

mc^ and, being volatile, distills, and is condensed. Apparently 

s\xcQ^ss{u\ processes are now in use for the direct deposition of zinc 

^onj its ores by electrolysis. 

Zinc oxide, ground in oil, constitutes the paint zinc white. The 

^^/cfe tnsLy be made from the metal by heating it to a temperature 



* ^ftg'i^f^'^ring and Mining Journal f 1900, p. 2. 
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at which the zinc takes fire and drawing the fumes into suitable 
condensers; or, as in this country, it may be made directly from 
the ore. 

SPHALERITE.— Blende, Black Jack. 

Composition. — ZnS, (Zn, 67 per cent). Often contains Cd, 
Mn, Fe. 

General Description. — A mineral of resinous lustre shadit^g 
in color from yellow through brown to nearly black and more ^^ 
less translucent. It occurs most frequently cleavable massive b^^ 
also in crystals and in compact fine-grained masses or altem^^^ 
concentric layers with galenite. 

Fig. 422. Fig. 423. Fig. 424. 






Crystallization. — Isometric. Hextctrahedral class p. 1 8. Us "" 
ally the dodecahedron d with the tetrahedron / and a modifyir ^S 
tristetrahedron -=. a\ ici'. 3^, Fig. 424, or n ^ a : 2a: 2a, Fi ff- 
423. More rarely the -f and — tetrahedron, Fig. 422. 

Index of refraction for yellow light, 2.3692. 

• 

Physical Characters. H., 3.5 to 4. Sp. gr.. 3.9 to 4.1. 
Lustre, resinous. Transparent to translucent 

Streak, white to pale brown. Tenaci rv, brittle. 
Color, yellow, brown, black ; rarely red, green or white. 
Cleavage, parallel to rhombic dodecahedron (angles 120° 

90°). 

BeI'T.)rk Hlowitpk, Etc. — On charcoal fuses with difficulty, b" 
readily yields a sublimate, sometimes brown at first from cadmiu ^^ 
and later yellow while hot, white when cold and becoming brig^ 
green if moistened and ignited with cobalt solution. With so^^ 
gives a sulphur reaction. Soluble in hydrochloric acid with efif^^*" 
vesccncc of hydrogen sul])hide. 

Similar Srixii.s. — Smaller crystals sometimes slightly resemt^*^ 
garnet or cassitcrite, but arc not so hard. 

Ri:mark>. — Sj'lialcrilc ha< prohnMy Ijocn fi)rmc«l l)y precipitation from water ^^ 
\\ .S or with tlic ai«l of dccayiiv^ or^Mnic matter. Ity oxidation it changes to sulpt»^'*^ 
which in turn may be dccompo>ed by carbonates and silicates forming carbonates a^" 
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n !i5socii;e of leail and silver ores and U del- 
! difficult. Il al») MCUTs wiih Dihcr tutphUcs 
mined in souihweat Mi:-souri, at Friedensville, Pa., in 
nsin, It Pulaski. Va., and at other placet. In imall 



silicates of zinc. Sphalcrl 
rimenlal.atitnukes their 
and with other 2inc oies. I 
the fcuthwestern part of Wi 
quanlitiei it is of very comi 

Uses. — It is an important ore of zinc and also is the source of 
most of the cadmium of commerce. 

ZINCITE.— Red Zinc Ore. 

CoMPosirio.N. — ZiiO, (Zn S0.3 per cent.) with usually some Mn 
or Fe. 

General Description. — A deep red to brick-red adamantine 
mineral occurring in lamellar or granular masses, either in calcitc" 
or interspersed with grains and crystals of black franklinite and 
yellow to green willemite. A few he.\agonal pyramids have been 
found. 

Physical Characters. H., 4 to 4.5. Sp. gr., 5.4 to 5.7. 
Lustre, sub-adamantine. Tr.\nsll'cent. 

Streak, orange yellow. Texacitv, brittle. 

Color, deep red to orange red. 
Ci-EAVAGE, basal and prismatic yielding hexagonal plates. 

Before Blowpipe, Etc. — Infusible. On charcoal gives reactions 
for zinc as described under sphalerite. In closed tube blackens, but 
is again red on cooling. With borax usually gives amethystine 
bead. Soluble in hydrochloric acid without effervescence. 

Similar Species. — Differs from realgar and cinnabar in its asso- 
ciates, infusibility and slow volatilization. 

L RkuaRKs.— Occurs in quantity only in Sussex County, N. J., at Ihe frinklinilc lo- 

[ calilles and is smelted with ihe assocutled franklinite, villcmite, etc, and the zinc re- 



GOSLARITE.— Zinc Vitriol. 

CoMPOSiTiON.—ZnSO, -i- 7H,0. (ZnO jg.z, SOj 279, H,043.9 per cent.). 

Uekemal DsscRtPTioN.— a while nr yellowish cirthy mineral with nauseous asldn- 
gent taste. Usually nn incruslraliun or mass shaped like the original sphaleriLe or in 
nalactitet. Rarely needte-like onhorhombic crystals. 

Physical characters. — Translucent. Lustre, vitreous to dull. Color, while, 
yellowi&h, or bluish. Streak, white. H , 3 to 1.5. Sp. gr., 1.9 10 2.1. 

BEFOfcB BLOWnpE, Etc. — Fuses easily. Vields water in closed tube. With soda 
(Ives a white coat and a sulphur le?t. Easily soluble in water. 

RSMAKKs.— Coslariie is formed by the oxidation of sphalerite in damp locations. 



• • 
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SMITHSONITE.— Dry Bone, Calamine. 

Composition.— ZnCO,. (ZnO, 64 8; CO,, 35.2 per cent.). 

General Description. — Essentially a white vitreous mineral 
but often colored yellowish or brownish by Fig. 425. 

iron. Structure stalactitic or botryoidal, or 
with drusy crystal surface; also in chalky 
cavernous masses and granular. Sometimes 
of marked colors as deep green or bright yel- 
low from copper or cadmium respectively. 

Crystallization. — Hexagonal. Scalenohedral class p. 39. 
Axis c = 0.8063. Usually small rhombohedrons of 107°, Fig. 
425, like those of siderite. 
. Optically — . 

Physical Characters. H., 5. Sp. gr.. 4.3 to 4.5. 

Lustre, vitreous to dull. Translucent to opaque. 

Streak, white. Tenacity, brittle. 

Color, shades of white, more rarely yellow, green, blue, etc. 
Cleavage, parallel to rhombohedron (107°). 

Before Blowpipe, Etc. — Infusible but readily yields white 
sublimate on coal, often preceded by brown of cadmium. The 
sublimate becomes yellow when heated and becomes bright green 
when moistened with cobalt solution and then heated. Soluble 
in acids with effervescence. 

Similar Species. — Distinguished from calamine by its efferves- 
cence and from other carbonates by its hardness. 

Remarks. — Smithsonite is a secondary product formed usually by action of carbo- 
nated waters on other zinc ores and sometimes by atmospheric action. It occurs with 
the other ores of zinc, especially calamine, and with ores of lead, copper and iron. In 
this country it is most abundant in the Missouri, Virginia and Wisconsin zinc regions. 

Uses. — Smithsonite, being easily reduced with little fuel, is a 
valuable zinc ore, but as it is found chifefly near the surface, the 
deposits have been nearly exhausted. 

HYDROZINCITE.— Zinc Bloom. 

Composition.— ZnC03-2Zn(^()H).^, (ZnO 75.3, CO.^ 13.6, HjO ii.i per cent.). 

CiKNKRAL Dkscki PI ION. — Usually a soft white incrustation upon other zinc minerals, 
or as (la//lint: white stalactites, or earthv and chalk like. 

Physh \L CiiARAcri-RS. — Opaque. Lustre, dull or pearly. Color, pure white to 
yellowish. Streak shining white. H., 2 to 2.5. Sp. gr., 3.58 to 3.8. 
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Before Bvowpipe, Etc.— Infusible. Coats the coal like smithsonite. Yields water 
in closed tube. Soluble in cold dilute acids with effervescence. 



Fig. 426. 



WILLEMITE.— Troostite. 

Composition. — Zn,SiO^, (ZnO, 72.9; SiO,, 27.1); often with 
much manganese replacing zinc. 

General Description. — A greenish yellow to apple green or 

sulphur yellow mineral when pure, but often 

flesh red or brownish from manganese or iron. 

Usually occurs granular, but also as hexagonal 

crystals and massive. The New Jersey variety 

is known by its associates, franklinite and 

zincite. 

Crystallization. — Hexagonal. Class of 
t:hird order rhombohedron p. 46. Axis c = 
CD.6775. L^g slender prisms of yellowish 
<::olor and coarse thick prisms of flesh red ^"^^"^^^^ ^^^"^^^' ^- J- 
czolor occur at Franklin Furnace ; the Altenberg crystals are small 
nd brown in color. 




Physical Characters. H., 5.5. Sp. gr., 3.89 to 4.2. 

Lustre, resinous. Transparent to opaque. 

Streak, nearly white. Tenacity, brittle. 

Color, greenish to sulphur yellow, apple green, white, flesh red. 
Cleavage, basal and prismatic. 

Before Blowpipe, Etc. — Fusible in thin splinters only upon 
%he edges to a white enamel. On charcoal with soda and a little 
l)orax yields the zinc coat. Soluble in hydrochloric acid leaving 
^ gelatinous residue. 

Similar Species. — Red crystals resemble apatite but differ in 
terminations, rhombohedral in willemite but pyramidal in apatite. 
AVillemite is also heavier than apatite and gelatinizes. 

Uses. — In association with the other minerals of Franklin, 
^. J., it constitutes a valuable ore of zinc. This, however, is its 
only iq^portant locality. 

CALAMINE.— Electric Calamine. 

Composition. — (ZnOH)2Si03, (ZnO, 67.5; SiO„ 25.0; H^O, 7.5 
per cent.). 
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General Description. — A white or brownish whi' 
mineral frequently with a drusy surface or in ratiiater' 
crystals, the free ends of which form a ridge or cocks 
428 and, more rarely, small distinct transparent crysta' 
curs also granular, stalactitic, botryoidal and as a con 
clay, . — 

Crvstallization, — Orthorhombic. Hemimorphic cUi 
Axes a:~b : if =0.783 : 1:0:478. The crystals are usualK 
Fig. '427. Fio. 428. 




Alt«nbei^. Sterling Elill, N.'J. 

the broad face being the brachy pinacoid b while the prisn-. 
relatively small, v is the pyramid 2a':b\ 2c. 

Angles are; mm = 103° 51'; cf = 118° 49'; »= 69° 48' 
= 101'=' 34' 

Optically +, with acute bisectrix vertical. 2E for yellow 1 
= 78° 39' 
Physical Characters. H., 4.5 to 5, Sp. gr., 3,4 to 3.5. 

Lustre, vitreous to pearly. Opaque to transparent. 

Streak, white. Tenacitv, brittle. 

Color, yellow to brown, white, colorless, rarely blue or green 
Cleavage, prismatic. 

Before Blowpipe. Etc. — Fusible only in finest splinters. Wit 
soda and bora.x, on charcoal yields a white coating, which is madi 
bright green by heating with cobalt solution. In closed tub*. 
yields water. With acids, dissolves, leaving a gelatinous residue. 

Similar Species. — It is softer than prehnite, harder than cerus- 
sitc, and gelatinizes with acids. It differs from willemite m water 
reaction, and from stilbite in difficulty of fusion. 



pun olliLT zinc i>ri>.., i.-:i|jccinlly s|)1i»IlTiLl-. It N oficn .li^seminaled through a cliy, 
om which it is gradually atgregaleil and crj'stalliied. lis most important localilyiii 
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America is at Granby, Mo. It is also found in quantity at Sterling Hill, X. J., and 
Bertha, Va. Abroad, it is exported from Greece, and is mined in large amounts in 
Silesia and the Rhenish Provinces of Germany. 

Uses.— ^It is a valuable ore of zinc, usually free from volatile 
inipurities. 

THE CADMIUM MINEI^VLS. 

The only cadmium mineral is the Sulphide, Greenockite. 

About five tons per year of cadmium are obtained from the Si- 
*^sian zinc ores. The first fumes are redistilled and finally reduced 
^'ith carbon. The metal is used in fusible alloys and certain forms 
^f silver plating. The sulphide forms a splendid yellow pigment 
Unaltered by exposure. 

GREENOCKITE. 

Composition.— CdS, (Cd, 77.7 per cent.) 

General Description. — Usually a bright yellow powder upon sphalerite, or a 
>'€llow coloration in smithsonite. Very rarely as small hemimorphic hexagonal crys- 
tals. ^' = o.8iil. 

Physical Characters. — Translucent. Lustre earthy or adamantine. Color yel- 
low to orange yellow or bronze yellow. Streaic orange yellow. H., 3 to 3.5. Sp. 
1^., 4.9 to 5.0. 

Before Blowpipe, Etc. — Infusible, but is easily volatilized in the reducing flame, 
Coating the coal with a characteristic brown coat and a iridescent tarnish. In closed 
tube, turns carmine red on heating, but is yellow on cooling. Soluble in btrong 
bydrochlohc acid, with effervescence of hydrogen sulphide. 



CHAPTER XXIV. 

TIN, TITANIUM, AND THORIUM MINERALS. 

THE TIN MINERALS. 

The minerals described are : Snlp/ude, Stannite ; Oxidc^ Cassi 
ERiTE. Tin is also found as an occasional constituent of tantali 
and other tantalates. 

Cassiterite is the only ore of tin, and while it occurs or has 
reported from nine or ten states, no tin is now produced* in th 
country. The world's supply of tin, amounting yearly to abo 
80,000 long tons, comes chiefly from the East India Islands, T 
mania, Bolivia and Cornwall, England. 

The principal use of tin is for the manufacture of tin plate 
sheet-iron coated with tin — which is used for canning purpos 
and in household utensils, etc. It is also largely used in alloy 
such as bronze, bell metal, pewter, solder and tin amalgam. Ti 
foil is also made from it. 

The ore as mined is first separated from gangue and impuriti 
by washing, jigging, etc., and if necessary, is then calcined o 
roasted, to remove volatile elements, such as sulphur, arsenic 
antimony. 

The concentrated and purified ore may then be smelted with ca 
bon in a shaft furnace. The modern practice is, however, t 
smelt the ore for several hours in a reverberatory furnace with coa 
The liquid tin is drawn off in a float and the slags are resmelted 
a higher temperature, frequently requiring the addition of iron 
of lime to aid in the separation of the tin, which they still contai 
The impure metal obtained is slowly heated to a temperature b 
little above the melting point of tin ; comparatively pure tin sep 
rates and this is further purified by oxidation. This oxidation i 
accomplished either by forcing green wood under the liquid met 
causing violent agitation or by repeatedly pouring the melted tin i 
a thin stream from ladles. Tin may also be refined by electroE 
ysis. 

"^riic Tcmocal mines of California produced about 120 tons from 1890 to 1892 bi 
have since been unproductive. 
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STANNITE.— Tin Pyrites. 

Composition.— (Cu.Sn.Fe)S. Uncertain. 

General Description. — A massive, granular mineral, of metallic lustre and steel- 

ly color. It is often intermixed with the yellow chalcopyrite. 

Physical Characters. — Opaque. Lustre melallic. Color steel gray to nearly 
black. Streak black. H = 4. Sp. gr., 4.5 to 4.52. Brittle. 

Sefork Blowpipe, Etc — In the reducing flame fuses. In the oxidizing lUme 
yields SO,, and is covered by white oxide, which becomes bluish green when healed 
^^'itli col>alt solution. Soluble in nitric acid to a green solution, with separation of 
sulpHur and oxide of tin. With soda, gives sulphur reaction. 

CASSITERITE.— Stream Tin. Tin Stone. 

C0.MPOSITION. — SnOj, (Sn 78.6 per cent.), and usually with some 

•aOsi and sometimes TajOj, As^Og, SiO.^ or Mn^Os- 

General Description. — A hard and heavy brown to black 

'Mineral occurring either in brilliant adamantine crystals or more 

""^cjuently in dull botryoidal and kidney-shaped masses and rounded 

P^l^bles, often with a concentric or fibrous radiated structure. 




Fig. 429. 



Fig. 430. 



Fig. 431. 




Stoneham, Me. 





Zinnwald. 



Com wall, Eng. 



^ - KYSTALLIZATION. — Tetragonal. Axis c = 0.672. Common 

^*^^s are the unit first and second order pyramids and prisms />. a, 
• ^ nd d^ and the ditetragonal pyramid ^ = ^^ : .? ^ : 3 r. Angles 



P^ 



121° 41' ; dd^ 133° 32'; ;//.::= 155° i'. 



requently twinned parallel to the second order pyramid, I'ig. 

Optically + with high indices of refraction 1.996 and 2.093. 

^Vsical Characters. H.. 6 to 7. Sp. gr., 6.8 to 7.1. 
.TJSTRE, adamantine to dull. Opaque to translucent. 
►TREAK, white or pale brown. Tenacity, brittle. 
OLOR. brown to nearly black, sometimes red, gray, or yellow. 
LEAVAGES, indistinct pyramidal and prismatic. 
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Before Blowpipe, Etc. — Infusible, but in powder becomes yel- 
low and luminous. With cobalt solution the powder or any sub- 
limate is made bluish green. On charcoal with soda may be re- 
duced, yielding metallic button and a faint white sublimate close to 
the assay. Insoluble in acids and almost so in salt of phosphorus 
or borax in which it usually gives some manganese or iron reaction. 

Varieties. 

Tin Stone. — Crystals and granular masses. 

Wood Tin, — Masses with concentric structure, the zones being 
of different color and internally fibrous. 

Stream Tin, — Rounded pebbles and grains found in alluvial d^' 
posits. 

Similar Species. — The high specific gravity distinguishes it fro«^ 
silicates which it resembles, and the infusibility and insolubili^^y 
distinguish it from wolframite, etc. 

Remarks. — Cassiterite is found in veins in granite, gneiss, mica, schist and siniil^^ 
rocks with quartz, wolframite and scheelite, and also with certain sulphides and oxicJ^^* 
It occurs also in alluvial deposits, as stream tin. It is practically unchanged by atnoos- 
pheric influences. The East Indian settlements of Malacca, Banca and Bilitong ^"^^ 
the greatest producers of tin ore. They are closely followed by the mines in "^c^ 
South Wales, Queensland and Tasmania. Tin is also mined in large quantities at the a d- 
cient localities in Cornwall, England. In America the chief localities are in the Harney 
Peak region in South Dakota; near Temescal, California, and at Durango, Mexico. 
It has been foun<l also in New Hampshire, Virginia. Maine, Massachusetts, Alabaiu*! 
Wyoming and Montana but has not yet been obtained from any American locality in 
quantity sufficient to be called important. 

Uses. — All tin is made from cassiterite. The artificial oxide is 
used as a polishing powder. 

THE TITANIUM MINERALS. 

The minerals described are : Oxides — Rutile, OctahedriX^' 
an(l Brookite. Titanium is also a constituent of ilmenite, ai^^ 
titanite, elsewhere described, and occurs in some other mineral^* 

Oxide of titanium is used to impart an ivory-like appearance ^^ 
porcelain, but otherwise is of no commercial importance. A f<^^^' 
hundred pounds (6150 pounds between 1880 and 1890) are mar- 
keted each year in the United States. 

The metal is only produced as a chemical curiosity or for the 
study of its properties. It is prepared by the reduction of i^ 
oxide by carbon at the highest available temperature of the electric 
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jCuniace. In the form thus obtained it carries a small percentage of 
Carbon, is the most infusible of metals and almost equals the dia- 
,»nond in hardness. 

I RUTILE.— Nigrinc. 

Composition. — TiOj. {Ti 61 per cent.). 

General Deschiption — Brownish red to nearly black prismatic 
crj'stals often included in other minerals in hair-like or needle- 
like penetrations. Also coarse crystals embedded in quartz, 
feldspar, etc., or in parallel and crossed and netted needles upon 
hematite or magnetite. Occasionally massive when black and iron 
bearing. 

Fig. 432. Vu.. 433. Vie. 434 




Mngnel Ct.vc, Act. 

Cr\*stallization. — Tetragonal. Axis (■ = 0.644. Vehy close 
to cassiterite in angle and form. Usual combinations are unit first 
and second order pyramids"/ and d and first and second order 
prisms ;« and a. Often twinned in knees. Fig. 434, and rosettes, 
P'g- 433- Prisms often striated vertically. 

Angles //)= 123" 7!^'; dd= 134° 58'. 

Optically + with very high indices of refraction 2.6 i 6 and 2.902 
for yellow light. 

Physical Characters. H., 6 to 6.5., Sp. gr., 4.15 to 4.25. 
Lustre, adamantine to nearly metallic. OpAyL-p. to transparent. 
Streak, while, pale brown. TEXAcm-, brittle. 

Color, reddish brown, red, black. Deep red when transparent. 
Cleavages; prismatic and pyramidal. 

Before Blowpipe. Etc. — Infusible. In salt of phosphorus 
dissolves very slowly in the oxidizing flame to a yellow bead 
which becomes violet in the reducing flame. Insoluble in acids. 

Similar Species. — It is reddcrandnf lower specific gravity than 
cassiterite. The nearly metallic lustre, weight and infusibility 
separate it from garnet, tourmaline, vesuvianite, pyroxene, etc. 
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Remarks. — Widely distribured and associaied wiih miny minerali in which it is 
usually embedded. Little altered by atmospheric influences. Found in many Amtri- 
can localities; ptomincnt amonE ihem arc Lincoln County, Ga., Habeisham QavOj, 
Ga., Warwick, N. Y.. Warren. Me. and Magnet Cove, Ark. 

Uses, — Rutile is used to coior porcelain yellow and to give the 
desired bluish white tint to artificial teeth. 



COMPOSITIDS.— Ti( 

Gkneral Descrif 
crystals, sometimes ai 




OCTAHEDRITE.-Anatose. 



— Very bright brown, deep steely blue and black pytimidil 
:tinies obtuse but always Small. 



Tetragonal. .Axii 



'■777- Aneles// = 97» 51', '/^ 



Optically ~. 

PtiYsicAL Ch A H ACT EHS.— Transparent to opaque. Lustre, metallic or adanuntint 
Color, brown, indigo blue, black. Streak, white. H., 5.5 to 6. Sp. gr.. J.Si to MS- 
Brittle. Cleavage, pyramidal and basal. 

Bkfore Bliiwpife, Etc. — As for rutile. 

Remarks.— After heating the specific gravity becomes 4.11 104.16 or about fliJi "I 
rutile. 

BROOKITE. 

Com position. — T iO, . 

GtNERAL DlscRlFTlON.— Either brown translucent Crystals which are Ihia M^ 
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Aoglcj mm = 99' SC :; = 135= 14', « = 101° 3'. 

Optically -f with acute bi«cclrii slwayi nonnal to face a bul plane of oplic aits c 
red and yellow and b for blue giving cbaracteriBilc inierTerence tigure in white lighL 
•hvsicai. Charactehs. — Translucent to opaque. I.ustre, lubmeHllk Id ada- 

nantiiie. CoUir, brown, yellow or black. Strcalt, while or yellow. H.. 3.5 to 6. 

Sp. gr., 3.87 to 4.01. Cleuvngc, indiilinct prismatic and basal, 
Bt^FoME Blowpipe, Etc. — As for nitile and octuhedrite. 



THE THORIUM MINERALS. 

The minerals described are: /-Vloj/Z/rt/f (of cerium) MONAzrrE; 
SilicaW, Thorite. The production of monazite sand in North 
Carolina has greatly decreased owing to the fact that deposits 
have been found in Brazil which can be had for the cost of gov- 
ernment taxes and the labor of loading into ships. The sand 
occurs there in immense deposits, certain beaches consisting of 
90 % of monazite. The production of the United States in 1898 
jwas 150,000 pounds,* 

The oxide of thorium has become exceedingly important of 
late years through its property of emiting an intense white light 
when held in the flame of a Bunscn gas burner. 

The mantle of the Welsbach incandescent gas lamp consists of 
iout 99 % of thorium oxide with one per cent, of cerium oxide. 
le price of thoria has recently been greatly reduced owing to 
impetition and improved methods of production and to the low 

of Brazilian monazite. 
The chief source of thoria is tlie phosphate of cerium mineral, 
nazite. This mineral carries salts of thorium as impurities and 
cjuantities varying from traces to as much as 18.5 % of thorium 
'de. The mineral thorite is also employed in the production 
thoria, but, although it contains over 30 % of the oxide, it is 
Moll more difficult to obtain in quantity. 

rTJioria is manufactured by methods which are generally care- 

P' V guarded, A recent authority + states that the method usu- 

JV employed is to decompose the monazite sand in hot sul- 

•v» ric acid. The sulphates are converted into oxalates from 

ich the thorium oxalate is separated by means of ammonium 

ablate, and afterwards transformed into thorium nitrate which 

heating yields the oxide. 

** Miiurtti Jni/uilry, Vol, VII., 1899, p. 517. 
I -VPrtif. L. M. Dennis, Atinrr-.l r»,li,itry. Vol. Vi., p. 489, 
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quantities of 
^BaonaoSt^ of erbium and 




r>>MKi4fTfr>». — fCe.La.[K;FO, but 
th/irium ^nd silicon and fit mu e mly 
yttfrisfum. 

GeMCftAL I>ncBimD9L — SaialL 
resinous crystab, or ydlov, tnu 
{;raf as, disseminated or as sand, 
in angular masses. 

CRysTAixiZATiON. — Monorlinic, Axes a: 
^:r-'0.969: 1:0,926;^— 76"" 2c/. Ciys* 
tals are usually small and flat, but some- 
times large. Fig. 440 shows the pinacoids 
a and b, the unit pyramid, prism and dome 

p, m and o and the prism/. 2tf : *: oor. Angles mm i* o««> 26'. 
^/)- i4o0 48',//-io6<'4i'. ^^ ^' 

Optically +, with axial pbne nearly a and acute bisectrix 
nearly vertical. Axial angle in red light zE^ 29^ to 31^ 

Physical Characters. H., 5-5.5. Sp. gr. 4.S)-s.3. 

Lustre, resinous. Opaque, to translucent. 

Streak, white. Tenacity, brittle. 

Color, clove brown, reddish brown, yellow. 

Ci.kava<;k. basal, perfect. 

Hi: i-oKK Hlowimi'K. Etc. Turns gray when heated, but does not 
fuse. Is decomposed by hydrochloric acid with a white res/duc. 
Solutions added to a nitric acid solution of ammonium molybdate 
protluce a yellow precipitate. 

Ki M \RKs.--M«>na/.ilc is fouiul in consi<lcral»K« <iuantitie.s in North and South Caro 
liuu, a-i satul atul as a roik om.siituent. The Hro/ilian sand which is now the chi V 
Miuivr oi Mipi'ly is fiuuul at lialiia, Minas Clcracs, Caravcllas, San Pedro and Antipi^ 

r^i >. — It is the chief source of the thoria used in mantles for ivC 
c.uule-^cent i^as lio^htin<^^ It is also the chief source of the 
elviiU'iUs cerium. lanthanum and didymium. 

thorite.— Orangiie. 
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V N'- .1 N ■ - 1!.^.' \. carr\in;^ ><mu* water. 

^ N . : • > ' N — I'Luk iT oranjre yelluw tetrajr^jnal crystals like 

- ::..:>:;:. er.l :• trA:.-j .ircM. lu*lrc. resinooi. color, 

•..r!i.v:.:2t- with hydrochloric add. 
^ri v-ic Jieldi water and th«t 
. .;.' *.: :ra=^e agxzs on coolings 
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CHAPTER XXV. 



LEAD AND BISMUTH MINERALS. 



THE LEAD MINERALS. 

The minerals described are : Metal, Lead ; Sulphides and Sclcn- 

^^^^^t Galenite, Bourxonite, Jamesonite, Clausthalite ; Oxides, 

^^feiUM ; Sidphatcs, Anglesite, Linarite; Phosphate, Pykomor- 

PHiTE ; Arsenate, Mimetite ; Carbonates, CERUSSiTEand Phosgen- 

'^^; Chromate, Crocoite ; Vanadates, Vanauinite, Descloizite ; 

*^'^lybdate, Wulfenite ; Ttingstate, Stolzite. 

The most important ores of lead arc galenite and cerussite. 

The world uses nearly 800,000 tons of lead per year, of which 

^'s country, in 1899, produced 2 1 3,003 tons.* Of this about onc- 

^^^rter was soft lead, mainly produced in Missouri and Kan- 

^^S| containing almost no silver and gold. During the same year 

^^^ half of the total output of lead was desilverized ; indeed, it may 

^ Said that by far the most important use of lead ore is to mix 

'^d smelt with silver ores whereby metallic lead containing silver 

^^d gold is obtained. 

The principal use of metallic lead is in the manufacture of white 

*^^d, 103,282 tons being produced in 1 899 in the United States 

^^ne. Large amounts are also used for the preparation of red 

^*^^, litharge, shot, lead pipe and sheet lead. A certain amount of 

/^**"Cl containing antimony is used in type and in alloys for friction- 

^**rmgs. 

The argentiferous lead ores of the west, which ordinarih' run 

^^* in lead are smelted in blast-fuinaces. The ore, if it contains 

^^h sulphur, is roasted, to remove the sulphur and other volatile 

. ^^stituents, and is then fused, forming a silicate, which is charged 

^lie furnace with the proper proportions of fuel and flux (limc- 

^*>e, hematite, etc.). The reduction takes place under the action 

"^he blast. Metallic lead, carrying most of the silver, is pro- 

__ ^^, and if either sulphur or arsenic is present, a sulphide (^mattc) 

■^f^neermgand Mining Jountal, 1900, y. 2. 
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and an arsenide (spciss) of iron, copper, etc., will form, and above 
all tjiese will float the slag composed of the gangue and the flux. 

The furnace is usually oblong in section, and the hearth is con- 
nected, by a channel from the bottom, with an outer basin or well, 
so that the metal stands at the same level in each and can easily 
be ladled out. Above the hearth, and enclosing the smelting zone; 
are what are called the water jacket^, in which cold water cir- 
culates. The furnace gases pass through a series of condensing 
chambers. 

The matte, speiss and the dust collected in the condensing cham-' 
hers arc all treated for silver, gold, lead, copper, etc., usually at- 
diflferent works. The metallic lead, or base bullion, is desilverized 
by remelting in large kettles, raising it to the melting-point of zin^ 
adding metallic zinc and cooling to a point between the melting' 
points of zinc and lead. The lighter solidified i^'nc separates, carry- 
itig with it Ihf silver, and forms a crust on the surface of the I 
from which it is .skimmed. 

The lead is further purified and the zinc and silver separatcdl 
electrolytically or by distilhition. 



LEAD.- 



L«ad. 

liillo Sb or Ag. 



CoMi'osiTioN.— I'b, with so 

Gknekal DESCRIPTION.—Ukually amall pUtct or tcaln or globular mosiei 
*cddcd in olhcr minerttls. Vciy rarcty in octnh«drnn» or doileiMhedi 

Pkvsiwl Charactebs,— 0|;»tiur. Luitre mclalUc. Color ■nil streak lead erq 
H., 1.5. Sp-er., JI.37, MnllcoMi 

liEKfiliK pi.nwPii'B, Etc. — Fusm ciwlly, coating charcn^il wiih yellow oxide, aniB 
tinging Dame liglit blue Soluble in dilute nitric acid. 

■ GALENITE. -Galena. 
Co-MPosrrroN. — PbS, (Pb S6.6 per cent.) usually with some silver; 
and frequently suj]^itie of antimony, bismutK, cadmium, etc. 

General Descriptiok, 
— A soft, heavy, lead-gray 
mineral, with metallic lu 
trc and easy cubical cleav- 
age. Sometimes in t 
tals. Rarely fine-grained 
or fibrous, 

Crista LLiZATtON. — Iso- 
metric. Usually the cube 
sometimes octahedral or showing 




'a or ' cubi*-pctahcdron t 
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that rare form the trigonal trisoctaiiedron r = a : a: 2a, Fig. 
444. Sometimes twinned or in skeleton crystals or reticulated. 




Physical Characters.- 
LusTR£, metallic. 
Streak, lead-gray. 
Color, lead-gray. 



Sp. gr., 74 to 7.6. 
Opaque. 

Tenacity, brittle. 
Cleavage, cubic, very easy. 



Before Blowpipe, Etc. — On charcoal decrepitates and fuses 
easily, yielding in 0. F. a white sulphate coat^ and in R. F. a yellow 
coat and metallic button of lead. With bismuth flux, gives a strong 
iodide coat, which appears chrome-yellow on plaster and greenish- 
yellow on charcoal. With soda, yields malleable lead and a sul- 
phur test. Soluble in excess of hot hydrochloric acid, from which 
white lead chloride separates on cooling. Soluble also in strong 
nitric acid, with separation of sulphur and lead sulphate. 

Similar Species. — Characterized by its cleavage, weight and 
appearance, except in some fine-grained varieties. 

Rkmarks. — Gftienite is the common and patent ore oi lead. Ii occun wiih other 
■uljiliides, specially sphalerite, pyrite aad chalcopyrile, withn gsngutof quailz, fluorile. 
barite or calcite. Alw with ores of «ilrcr and gold. It changes easily lu ceruulle, 
angletilc and other lead minerals. Besides the silver.pRXlucing Stato uf Colorado, 
Utah and Monun*, which also produec the most lend, Knnsas, WiMronsin and Mis- 
souri manuractiue much wit lead lima their deposits of galenitc. 

Uses. — It is the chief ore of lead, and as it usually contains 
stiver, the silver-bearing deposits arc more frequently worked than 
the purer galenite, and both the lead and silver are recovered. 

BOURNONITE. 
Composition. — PhCuSUS,, |Pb 41.5, Cu 13.0, Sb 24,7, S 19 Spcr cent.), 
GcVERAL Di»CKlPTiiiN.— A yrny mclailic mineral, nearer sleel-gtay than galenite, 

and Meaning line^tained, massive and in thicV tabnlar ctystaU. More like tetca- 

hedrilc Ihan galenite when massive. 
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DESCRIPTIVE MINERALOGY: 



Crystallization. — Orthorhombic. Axes d\ b\ c = 0.938 : i : 0.897. Comraon 
forms the pinacoids <7, fi, r, the unit domes and prism ^, o, and /w, and the pyramid u ^= ^' 
b\ %c. Short prismatic or tabular, with vertically striated faces, or, in cross, Fig. 4-4^^* 
and ** cog-wheel " twins. Angles w w = 93° 40', c 0^= 136° 17', r «= 146° ^S^ - 



Fig. 445. 



Fig. 446. 




" e "^ 

% « « « " 



Harz. 



Kapnik. 

Physical Characters. — Opaque. Lustre, metallic. Color, steel-gray to ne^^xVi 
black. Streak, steel-gray. H., 2.5 to 3. Sp. gr., 5.7 to 5.9. Brittle. Cleavages i"^' 
perfect. 

Bkfore Blowpipe, Etc.— On charcoal, fuses easily, yielding heavy white sublinai*'^* 
and later a yellow sublimate. With bismuth flux yields strong greenish-yellow coa-t < 
charcoal and a mingling of chrome yellow and peach red on plaster. After sublinf*^."*-*^ 
have formed, the residue will color the flame deep green, or if moistened with a di'^^P 
of hydrochloric acid, will color the flame bright azure blue. Soluble in nitric ^^ 
to a green solution, with formation of a white insoluble residue. 
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JAMESONITE.— Feather Ore. 

Composition.— PbjSbgSj. (Pb 50.8, Sb 29.5, S 19.7 per cent.). 

General Description.— Steel-gray to dark-gray metallic needle crystals, or 
like and felted; also compact and fibrous massive. 

Physical Characters — Opaque. Lustre, metallic. Color, steel-gray to 
lead gray. Streak, grayish-black. H., 2 to 3; Sp.gr., 5.5 to 6. Brittle. 

Before Blowpipe, Etc. — Decrepitates and fuses very easily, and is volatili^ 
coating the charcoal white and yellow as in bournonite. With bismuth flux, reacts I 
bournonite. In closed tube, yields dark-red sublimate, nearly black while hot. SoliS- 
in hot hydrochloric acid, with effervescence of hydrogen sulphide. 
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CLAUSTHALITE. 

Composition. — PbSe, (Pb 72.4, Se 27.6 per cent.). May contain silver or col 

General Dt:scRiPTioN. — Bluish gray fine granular masses of metallic 
Rarely foliated. Resembles galenite. 

Physical Characters.— Opaque. Lustre, metallic. Color, bluish lead g-' 
Streak, grayish black. H., 2.5 to 3. Sp. gr., 7.6 to '^.%. 

Before Blowpipe, Etc. — On charcoal fuses and yields odor like decayed hoi 
radish, coats the charcoal with a white sublimate with red border, and later a yell ^^^'^ 
coat forms. It) open tube gives a red sublimate. With soda yields a masswhi^" 
blackens silver. 

MINIUM. 

Composition.— Pb,0^, (Pb 90.6 per cent."). 

(}knf.ral Df.scription. — A vivid red powder or loosely compacted mass of dull or 
greasy lu'>trc. Often intermixed uitli yellow. 

Piiv-ii Ai. CiiARA('TKK^.— ( )pa(]ue. Blight red. Lustre, dull or greasy. Streak, 
oran;;e yellow. H., 2 to 3. Sp. gr., 4.6. 
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Before Blowpipe, Etc. — Is reduced to metallic lead, and yields the characteristic 
lead sublimates. 
Remaeks.— The artificial product is the red lead of commerce. 

ANGLESITE. 

Composition. — PbSO^. (PbO 73.6, SO3 26.4 per cent). 

General Description. — A very brittle, colorless or white mineral 
of adamantine lustre, sometimes colored by impurities. Usually 
"^sive, frequently in concentric layers around a core of unaltered 
galenite. 

Fig. 447. Fig. 448. 




\; «^\ 7 Phoenix ville, Pa. 

A • \ / 

^ ■ Y 

Crystallization. — Orthorhonjbic. Axes ^:/^:r= 0.785: i: 

' ^ 89. Crystals vary greatly in type, but are rarely twinned. Unit 

^^m m and domes such as n = a: 00 b: i.<r, c = a: co b\ i^c 

^^ pyramids g ^ 2a : b : c arc frequent. 

-Angles: mm = 103° 43 >^'; ^'^= 146° 36>^'; ca = iS7^ 4^'; 

=sa= 123^ 12'. 

CDptically + , with high indices of refraction 1.877, 1.882 and 
^S3 for yellow light. Axial plane is the brachy pinacoid b. 

*>.ysical Characters. H., 3. Sp. gr., 6.12 to 6.39. 
tusTRE, adamantine to vitreous. Transparent to opaque. 
Streak, white. Tenacity, very brittle. 

Color, colorless, white, gray; rarely yellow, blue or green. 
Cleavage, basal and prismatic (90° and 103° 43'). 

Before Blowpipe, Etc. — On charcoal decrepitates and fuses 
^suily to a glassy globule pearly white on cooling. In R. F. is re- 
duced and yields metallic lead and the yellow sublimate. With 
5oda yields the sulphur reaction. Insoluble in hydrochloric acid 
but is converted into chloride. Slowly soluble in nitric acid. 

Similar Species. — It differs from the carbonate, cerussite, in 
absence of twinned crystals and of effervescence in acids. It is 
heavier than barite and celestite, and yields lead. 
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RBMARtffi.— Anglesite is formed by the oxidation of galenite. It alters to the ot- 
bonwe, cerussite, by interchange with caldum carbonate in solution. It is found 
Ihrouehoul the United States wherever exposed deposits of galenite ocqir. The lead 
mines of Missouri, Wisconsin, Colorado, etc., all contain this mineral. It occurs in 
large quantities in Mexico and Australia. 

Uses. — It is an ore of lead. 

LINARITE. 

Composition.— [(Pb. Ca)OH],SO„ (PbO 55.7, CuO 19.8, SO, 20,0, HiO 4.5 pet 

General Description. — Small deep blue translucent crystals. Often tabular. 
Monoclinic. 

Physical Characters. — Translucent. Lustre, vitreous or adamantine. Color, 
deep aiure blue. Streak, pale blue. H., 2.5. Sp. gr., 5.3 to 5.45. Brittle. Cleav- 
ages at 77° to each other. 

Bk^ore Blowpipe, Etc. — Loses color and fuses easily to a pearly glass. In R. F. 
is reduced to metal yielding yellow coat and ultimalely red button, which when 
moislenci] with hydrochloric acid will color flame deep blue. Soluble in nitric acid 
with separation of lead sulphate. 



PYROMORPHITE. 

Co-MPosETiON.— 3Pb/PO,)3.PbClj(PbO 82.2, ?p^ 15.7, CI 2.6 
per cent.) often with some As, Fe or Ca. 

General Description. — Short hexagonal piisms and branch- 
ing and tapering groups of piisms in parallel position. The color 
is most frequently green, brown, or gray. Also in moss-like in- 
terlaced fibres and masses of imperfectly developed crystals. Less 
frequently in globular and reniform masses. 

449- Fig. 450. 





CKV.sr.ALi-i/,\TioN. — Hc.\agonal Class of third order pyramid, p. 
37. .■\xis f = 0.736. Usual form prism m and baser. Faces w 
horizontally striated, sometimes tapering. 
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Physical Characters. H., 3.5 to 4. Sp. gr., 5.9 to 7.1. 
Lustre, resinous. Translucent to opaque. 

Streak, white to pale yellow. Tenacity, brittle. 

Color, green, gray, brown ; also yellow, orange, white. 

Before Blowpipe, Etc. — On charcoal fuses to a globule which 
on cooling does not retain its globular form but crystallizes, show- 
ing plane faces. In reducing flame yields white coat at a distance 
and yellow coat nearer the assay, and a brittle globule of lead. 
In closed tube with magnesium ribbon yields a phosphide which, 
moistened with water, evolves phosphine. With salt of phos- 
phorus saturated with copper oxide yields an azure blue flame. 
Soluble in nitric acid, and from the solution ammonium molyb- 
date throws down a yellow precipitate. 

Similar Species. — Differs from other lead minerals in fusing 
to a crystalline globule without reduction. 

Remarks. — Probably formed from galenite. Occurs with other lead minerals. 
Found at Phcenixville, Pa., Davidson county, N. C, Lenox, Me., and many other 
localities. 

MIMETITE. 

Composition.— 3Pb,(AsO J, 4- PbClj or EbjC^AsOJ,, (PbO 74.9, As^Oj 23.2, a 
2.39 per cent), often with some replacement by P or Ca. 

General Description. — Pale yellow to brown hexagonal prisms or globular groups 
of crystals. Sometimes incrusting. 

Fig. 451. Physical Characters. — Translucent. Lustre, resin- 

ous. Color, yellow, brown or white. Streak, white. H., 
3.5. Sp. Gr., 7.0 to 7.25, lower when Ca is present. 

Before BLo\vj*n'E, Etc. — On charcoal fuses easily and 
is reduced to metallic lead, coating the coal with white 
and yellow sublimates and yielding strong arsenical odor. 
Phosphorus, if present, and chlorine may be detected as 
in pyromorphite. 

CERUSSITE. -White Lead Ore. 

Composition. — PbCOg, (PbO, 83.5 ; COo, 16.5 per cent.). Often 
carries silver. 

General Description. — Very brittle, white or colorless ortho- 
rhombic crystal^; silky, milk-white masses of interlaced fibres; 
granular, translucent, gray masses and compact or earthy, opaque 
masses of yellow, brown, etc., colors. 

Crystallization. — Orthorhombic. Axes a :i) \ l: = 0.610: i : 
0.723. Common forms : unit pyramid /, and prism vi and a series 
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of brachy domes such as .r = ^i\: l> : VjC, if ^ ao jJf ;i: 
7' = 00 d : li : 3c. Krequentl)' twinned about w sometimes yield- 
ing six rayed groups as in Fig. 453. Common angles are tmn «| 

1 17° 14', pp = \yf, T(w = 69° 20'. 




ninck Hawk. Mom. 



Optically — . Axial plane b and acute bisectrix normal to c. 
High indices of refraction : 1.804, 2,076, 2.078 in yellow light. 
Phyaical Characters. H., 3 to 3.5. Sp. gr., 6.46 to 6.5 i. 

Lustre, adamantine, pearly. Transparent or translucent, 
sometimes silky, 

Streak, white. Tenacity, very brittle. 

Color, white, gray, colorless or colored by impurities. 

Cleavages, parallel to prism and brachy dome. 

Before Blowpipe, Etc, — On charcoal, decrepitates, fuses aod 
gives a yellow coating, and finally a metallic globule. In closed 
tube, turns yellow, then dark, and on cooling is yellow. Effer- 
vesces in acids, but with hydrochloric or sulphuric acid leaves a 
white residue. 

Similar Species. — Distinguished from anglesite by efferves- 
cence in acids and by frequent occurrence of twinned crystals. 
Has higher specific gravity than most carbonates. 



REMAKKS — Ccnitsite is deriied from galenite b)r the actior 
carbon dioxide. It may also be produceil frum angleeilc by a< 
calcium cirbonsle. 



n of n solution of 



Uses. — It is smelted for lead and silver, and a process exists for 

the direct manufacture of white lead from cerussite. 



PHOSGENITE. 
Coiirosmos,— Pb,CI,CO„ (PbO, 81,9; CI, 13.0 ; CO,, 8.1 perccni.). 
General DisCRtiTtini. — Large Mn(t troall tetragonal crystals, usually priai 
axxA colotUn; sometimes gray and tran&luceni. 
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Physical Characteks.— Transpareni 10 iranaluceni. Losire, mbniiiniine. Color, 
colnrlns, white, gray or yellotr. Streak, white. H., j. Sp. gr., b la 6.1, Clenvei 
pcmllel to bolh prisms snd the bate. 

BEifKe Blowpipe, Etc. — Fuses ewily lo a yellow globule. On charcoal, it re- 
ituctil 10 roclsl and forms chiefly a while roiling of lead chloride. Soluble in nitric 
acid with elTervesceiice. 

CROCOITE. 

COMTOSITION.— PbCrO„ (PbO,68.9; Crn„3i.i per ccnL). 

General Description. — Bright hyacinth -red mineral, usually in monoclinic pris- 
matic crystals, but also granular and columnar. The Color is like that of potasiium 
dichcomate. 

Physical Characters.— Translucent. Ltisire, adamantine. Color, hyacinth 
red. Swcak, orange yellow. H,, 2.5 lo 3. Sp. gr., 5.9 lo 6.j. Seclilc. Cleavage, 
prismatic. 

Before Blowpipe, Etc. — la closed tube, decrepitates violently, becomct dark, but 
teeovers color on cooling. Fuses very eaiily. and is reduced to metallic lead with 
(Idlagration, the coal being coaled with a yellow suhlimnle. With Uffax or S,Ph^ 
fotifis yellow glotses, which aie bright green when cold. Soluble in nitric acid to a 
yellow lolution. Fused with KHSO, on platinum, yieliia a dark-violet mass, red on 
solidifying and greenish- while when cold which distinguishes it from vanadinite. 

VANADINITE. 

Composition.— 3Pb,(VO.VPbCI; or Pb,Cl(VO.)„ (PbO, 78.7; 
V,0,. 194; CI, 2,5 per cent.), often with P or As replacing V. 

Gksekal Description, — Small, sharp, hexagonal prisms, some- 
times hollow, of bright-red, yellow or brown color. Also parallel 
groups and globular masses of crystals, 

Crvstallization. — Hexagonal. Class third oriier pyramid, 
p. 37. Axis (' = 0.712, Simple prism m with base c, or more 
rarely with pyramid p and third order pyramid v=\a: j^ : a: 
y. Fig. 455. 

FIG. 454, Fi<;. 4SS. 



Physical Characters. H., 
LusTKE, resinous on fractu 
Stre.'VK, white to pale yellow. 



Cot-OR. deep red, bright red. yellow or brown. 




Sp. Gr,, 6.66 lo 7,3.5. 
OpAguE, or translucent. 
Tenacity, brittle. 
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Before Blowpipe, Etc. — Fuses easily on charcoal to a black 
mass, yielding a yellow sublimate in the reducing flame. The 
residue gives decp-grecn bead, with salt of phosphorus in the re- 
ducing flame. With strong nitric acid the substance becomes deep 
red, then dissolves to a yellow solution. Fused with KHSO^ 
yields a clear yellow, then a red, and finally yellow when cold. 

U.SES. — It is the source of vanadium, for vanadium black ; for 
vanadium salts, which are used as a mordant in the manufacture 
of the finest silks ; for vanadium bronze and for vanadium ink. 
DBSCLOIZITE. 

Composition. — (Pl..Zn((PI)OH),VO,. (fbO, 55^; ZnO, 19.7-, V,Oj, aa.jj 
H,i ),!.»). 

CeNBILAL Description.— Smnll purplUh-red. brown or black cryilali. rorroing 
ft drusy surface or crun. Also fibrous, massive. 

Physical CKAHAcricus,— Transi»rent to nearly opB>|ue. Lustre, Ercvuy. C«la^ 
purpllih reil, lirowo or black. Sircftk, orange or brown. H., 3,5, Sp. gr., 5^ 

BBPORE fiLoWPiFE, Etc — On charcu.il, fuses to block mau, endutiag meUL 
In closed lube yields water. Viniiliiim reactions as in vanadinilc. 
WULFENITE. 

Composition. — PbMoO,, sometimes containing Ca, Cr. V. 

Ghnekal Description, — Usually in thin, square, tabular cry^ 
tals of yellow, orange or bright orange-red color and resinout 
lustre. Less frequently in granular masses or acute pyranudal 
crystals. 



Crvstaixization. — Tetragonal. Class of hemi- 
morphic pyramid/*. Axist™ 1.577. Usually ^ 
the base c with the pj-ramid ^ = a : w a; ^c. 
More rarely the unit pyramid y and a third order 
prism / = a: 1 1? : sc c. Angle cc => 141° 45', 
/;/>= 99" 38'. Optically — . B 



Fio. 456. 



l-w. 457, 
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Physical Characters. H., 3. Sp. gr., 6.7 to 7. 
Lustre, resinous or adamantine. Translucent. 

Streak, white. Tenacity, brittle. 

Color, wax yellow, bright red, brown, rarely green. 

Cleavage, pyramidal. . 

Before Blowpipe, Etc. — Fuses easily on charcoal, giving yel- 
low coat and finally a metallic globule. In salt of phosphorus 
dissolves to a bead, which is bright green in R. F. In borax, 
yields a colorless bead in O. F., which is made brown to black in 
R. F. Partially soluble in strong hydrochloric acid to a green 
liquid. If the solution is greatly diluted and stirred up with tin, 
it becomes deep blue and finally brown. A similar test may be 
obtained either by boiling in porcelain with strong sulphuric acid 
'and adding alcohol, or by fusing in platinum with KHSO4, dis- 
solving in water and boiling with tin or zinc. 

Remarks. — Wulfenite occurs with other lead minerals, especially vanadinite and 
pyromorphite. It is found in many localities in New Mexico and Arizona; in the 
lead regions of ViTisconsin and Missouri; at Phoenixville, Pa.; Inyo County, Cal. ; 
^uthampton, Mass., and many other places, always associated with other ores of lead. 

STOLZITE. 

Composition.— PbWO^, (PbO, 49.0 ; WOs, 51.0 per cent.). 
General Desciiiption. — Very small, acute, tetragonal pyramids of gray or drab 
color. 

Physical Characters. — Nearly opaque. Lustre, resinous. Color, gray, brown, 
g'^en. Streak, white. H., 3. Sp. gr., 7.87 to 8. 13. 

Before Blowpipe, Etc. — Fuses on charcoal to pearly crystalline globule. With 
****^*» yields yellow coating and a metallic globule. Soluble in nitric acid, with scpa- 
Wlion of a yellow powder. In salt of phosphorus, with the reducing flame, gives a 
"*^bluc to green glass, which powdered and boiled with dilute hydrochloric acid and 
^^^ yields a deep-blue solution. 

THE BISMUTH MINERALS. 

The minerals described are : Metal, Bismuth ; Sulphides, Bis- 
^n:HiNiTE, Aikinite; Telluride, Tetradymite ; Oxide, Bismitk ; 
Carbonate, Bismutite. Bismuth is also found intimately mixed 
with other minerals, as with tin ore in Bolivia ; cobalt ore in Sax- 
ony and gold-bearing magnetite in Queensland, Australia. 

The principal source of bismuth is the native metal ; it is, how- 
ever, extracted from the other minerals, and to a considerable ex- 
tent from the hearths and last products of oxidation of lead cupella- 
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tion. The manufacture is practically all in Germany and England, 
the latter country reducing Australian and Bolivian ores. The 
(juantity produced per year is sniali. 

The uses of bismuth are chiefly dependent upon its property of 
forming easily fusible alloys with other metals, especially tin, lead, 
and cadmium. These alloys expand in cooling, and arc thcrefotV 
used in reproducing woodcuts, in making safety plugs for boilci\ 
etc. The salts of bismuth have numerous uses in medicine and in 
the arts, are used in calico printing, cosmetics, and in glass of higS 
refractive power, and to impart lustre to porcelain. 

Bismuth was formerly obtained from the native metal by simplj 
heating in a closed, inclined vessel, the liquid metal flowing out 
This method was wasteful as any bismuth present as sulphide o 
tclluride was not obtained while much of the metal was lost I 
Saxony where most of the bismuth of the world is produced th 
ores arc first roasted to free them from sulphur, arsenic and'othc 
volatile constituents. After roasting they arc smelted in crucible 
with iron, charcoal and slag, the melted bismuth settling out i 
the bottom of the crucible ; or the roasted ores may be treatet 
with strong hydrochloric acid {i : i) which dissolves the bismud 
and from which it is precipitated as oxychloride by the .addition a 
water. The metal may be further purified cleclrolytically. Whei 
in the eupcllation of lead ore bismuth Is found to be present, it tl 
recovered by saving the last products of oxidation and the hcArtl 
of the furnace, grinding these and treating them with hot strottf 
hydrochloric acid. After settling and cooling the liquid is siphoned 
off and diluted with water, by which a precipitate of the oxycIilt>i 
ride is produced, which, after being dissolved in hydrochloric add 
and reprecipitatedsometwoorthree times to separate lead chloride^ 
is easily reduced to metallic bismuth by fusion with soda, or lime, 
charcoal and a silicious slag. 



BISMUTH.— Native Bismuth. 

Composition — Ri. often alloyed with As or 
impure ftom S or Te. 

General DEscRipnoN. — A brittle silver 
white mineral with a reddish tinge, usually liis 
scminated through the gangue in branching 
lines. Fig. 460, or in isolated grains or lumps. 
Rarely in indistinct hexagonal crystals. 



1.460. 
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Physical Characters. H., 2 to 2.5. Sp. gr., 9.7 to 9.83. 
Lustre, metallic. Opaque. 

Streak, silver white. Tenacity, sectile to brittle. 

Color, reddish silver white. 

Before Blowpipe, Etc. — On charcoal fuses easily and volatilizes 
completely, coating the charcoal with a yellow sublimate. With 
bismuth flux forms a chocolate brown and red coating which is best 
seen on plaster, and which is changed by action of ammonia fumes 
to red and orange. Soluble in strong nitric acid from which solu- 
tion water will precipitate a white basic salt. 

Similar Species. — Bismuth is characterized by its silver streak, 
reddish tinge, and arborescent structure. 

Remarks. — Bismuth occurs in crystalline rocks and clay slate associated with ores of 

^l>alt, nickel, silver, gold, lead and zinc, also with molybdenite, wolframite, scheeliie. 

*^he native metal is not found in any quantity in the United States, although obtained 

** Monroe, Ct., d Colorado, and in South Carolina. The most celebrated foreign 

'ocaliiies arc Schneeberg in Saxony and other places both in Saxony and Bohemia. 

'ound also at Copiapo, Chili ; in Bolivia, Sweden, Norway, and in South Australia. 

Uses. — It is a source of commercial bismuth and of salts of bis- 
fnuth. 

BISMUTHINITE. 

CoMPOSiriON.— BijS,, (Bi 81.2, S 18.8 per cent.). May contain Cu or Fe. 

^HNERAL Descriition. — A lead gray mineral of metallic lustre usually occurring 
^ 'oliated or fibrous masses, or in groups of lonj; needle-like orthorhombic crystals. 

*^*iYsicAL Characters. — Opaque. Lustre, metallic. Color, lead gray or lighter, 
^*en with yellow tarnish. Streak, lead gray. H., 2. Sp. gr., 6.4 to 6.5. Slightly 
^t 1 le. 

*^*^:fore Blowpipe, Etc. — On charcoal yields some sulphur, fuses easily with spirt- 
S"> s^nd coats the coal with white and yellow sul)limates. ViekN the characteristic bis- 
^^^X reactions with bismuth flux and with nitric acid as ilescribcd under bismuth. 

*^^i soda gives sulphur reaction. 

AIKINITE.-Needle Ore. 

Composition.— BiPbCuSj, (Bi 36.2, Pb 36, Cu 11, S 16.8 per cent... 
^^NERAL Descriition.— Long embeiUle«l needle like crystals of dark gray color 
'^ xnetallic lustre. Also massive. 

**»^YSICAL Characters.— Opaque. Lustre, metallic. Color, blackish lead gray 
'^*^ copper red tarnish. Streak, lead gray. H., 2 lu 2.5. Sp. gr., 6.1 to o.vS. 
y^^FORE Blowpipe, Etc. — Fuses on charLN^il, yielding wliite and yellow sublimates. 

^■1 bismuth flux on plaster yields chrome yellow coat of U-ati, chocolate and red 
^^ of bismuth, and intense green llame of copper. The rc-inUurs from treatment on 
^^*'* yield in borax or salt of phosphorus greeni-^h l)lae beads which in the reducing 
^*»ic usually become black and opaque. 

^^luWein nitric acid with separation of sulphur and leal sulphate. 
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TETRADYMITB. 

CnuPOSiTios.— BI,(Tc.S<, or niT«S. Eiiher an dlof nr alelluride of bUmiith. 

Gl^VEKAL Description,— Vory nuft, flctilile, foliate'l iruuwoa uf flecl-gniy color aod 
bright nwtalUcluitre, or mall indiitlael rhmnbohcdiul crjntab. Will mark paprrlikc 
grajililtc. 

rtiysccAi. CHaracteils, Eic, — Opi^ue. I.utire. mctnUic, Color, |ul« >rt««l-f,-nj', 
Rtrcak, pay, H,, t.5 to 3. Sp. gr., 7.1 la 7,6. Flexible in Imiiinn, Cleavasc, baul. 

Bk^'ORK BlAWpiPE. Etc.— (Jn Charcot fiuiw vuil)' and 'n complei^ly voliiiliicit 
yielding awMtcfutibleiublimatc, rollowcd byayelloirrablimate. The lUiae dunnf 
fuhirin U colored blue, The while inbliniateir placed on pnrcelain and moi>i(n«l 
wiih cnRCciittiUcd lulphuric D.cid becomes rose oilored. I( dropped into boiling cm. 
tnlraird sulphuric acid n deep violet color is produced, 

BISMUTITE. 

CuMl'Lii]TWN.—{lHO),CO,. H,0, rati«l)l«, 

Gknrrai. DKtCKiFTi.iN.— a llghl cvlcircd IncniiUtion or earthy imuM or prmiln'. 

PHVBiCAt ClfABAc.Tltits.— Opujue. Lu<tU«, dull or vitnwui. Oiloc, white, grcm 
and yellow. Streak, ootorleas to gTeeniih. 11., 4-4.5, ^P' B*' (■-■^-7-7. Tenidt^. 
britlle- 

BtPCiRB liLi.iwfiJ'E, Etc, — Fusei «iiily on cbarooal, giiting a yellow cum uul. 'a, 
K. V. a metallic globule which completely valatlliiei. With hiimulh fliu on |iln ■ in 
gives brown and red coat. Yield* watur In dowil tniK' and drcrepi inlet, Si'lublctt^ttli 
efleiTciceiicciii ttroiig HCl, and on dilulanwich mucb water the while oiycbti]ncl.vul 
bitiniuih I> picrlplialcil. 

\JiKS. — In an important ori ot bliiDutTi. 

RtutANKih — It It usually luHirinled with metnllic biimulhor Uie lulpliide anfloccun 

BIS MITE Bismutb Ocbre. 

Com POSITION, — l(i,(),. Hi. S9.6 percent, when pure. 

Gkneral DescRllTtoN. — A yellowish or gray powder or earthy mass. 

Physical Ciiakacters. — Opaque. Color, grayish, greenish or yellowish *'liilt. 
Lustre, dull. 

llEKORF. Bl-OWPiFB, ETC.— As for bismulile but does not effervesce with acids noi 
yield water in closed tulie. 

Ust;!!. — It is the source or some bismuth. 



CHAPTER XXVI. 

LRSENIC, ANTIMONY, URANIUM AND MOLYB- 
DENUM MINERALS. 

THE ARSENIC MINERALS. 

he minerals described are : Metal, Arsenic ; Sulphides, Orpi- 
T, Realgar ; Oxide, Arsenolite. 

he principal sources of metallic arsenic and white arsenic are 
the above mentioned minerals, but the arsenides and arseno- 
•hides of iron, cobalt and copper. The major part of the 
Id's supply of arsenic and its compounds comes from Corn- 
, England, Freiberg, Saxony, and from Prussia, 
[etallic arsenic is ordinarily produced by sublimation from a 
ture of the oxide and charcoal, but may be produced by sub- 
tion at a high heat directly from arsenopyrite out of contact 
I air. It is a constituent of some useful alloys, shot metal 
g the chief 

he poisonous oxide commonly known as arsenic or white arsenic, 
'oduced in large quantities by the roasting of arsenopyrite and 
\x ajsenical ores and as a by-product in the preparation oi 
silver, nickel and cobalt. It is used in dyeing, in medicine, 
heep washing, in calico printing, as a preservative for timber 
for natural history specimens, in the manufacture of fly paper, 
rat poisons, and in glass manufacture. Many important col- 
g matters as well as the artificial red and yellow sulphides are 
mercial products. Paris green is an arsenate of copper ex- 
ively used as an insecticide. 

ARSENIC— Native Arsenic. 

•MPOSITION. — As, generally with some Sb and sometimes with Bi or a little Co, Ni, 

Vg or Au. 

iNERAL Description.— A tin-white metal, tarnishing almost black. Usually 

liar, massive, with reniform surfaces. Can frequently be separated in concentric 

s. Rarely found in needle-like crystals. 

lYslCAL Characters.— Opaque. Lustre, nearly metallic. Color, tin white, tar- 

ng nearly black. Streak, tin white. H., 3.5. Sp. gr., 5.63 to 5.73. Brittle. 

ular fracture. 



m-sc/ifrr/ n-: mixhralocv. 

Befork Bi/iwFiPE, Etc. — On chkrcoal, voUiiliies wUbout fusion, yielding ^ii'Mig 
gRrlic odor, while Aimd, crytulline white sublimate and pale blue flunc. May Itrn 
> residue of impurities. 

REALGAR. 

Composition. — As,S(, (As, 70,1 ; S, 29.9 per cent). 

General Description. — A soft, orange-red minera], of resinous 
lu.stre, usually occurring in translucent, granular masses, but also 
compact and in transparent monoclinic crystals. 

Physical Characters. H., 1.5 to 2. Sp. gr., 3.4 to 3.6. 

Lustre, resinous. Translucent to transparenL 

Streak, orange red. Tenacity, slightly scctile. 

Color, aurora red, becoming orange yellow on long exposure. 

Before Blowpipe, Etc, — On charcoal, fuses easily, burns with 
a blue flame, yields white fumes, with garlic odor and also odor J 
of sulphur dioxide and is volatilized completely. In closed tube | 
yields red sublimate. Soluble in nitric acid, with separation of 1 
sulphur. Soluble also in potassium hydroxide from which hy- 
drochloric acid precipitates yellow flakes. 

RsMAMKs. — Realgar is found with orpimeni, arsenolite, galetiile, argenlt^, etc., aad 
is formed liolh by sublimalion and liy dcposilion from water. Realgar is nbtained 
mainly rrom abroad, notably from Hungary and Che island of Uomeu, Deposits art 
known in Utidi, California and Wyoming. 

Uses, — ^The artificial sublimate is used in fireworks and for sig- 
nalling, in the form of " white Indian fire." It also is used as a 
pigment. 

ORPIMENT. 

Composition. — As,S„ (As, 61 ; S, 39 per cent.). 

General Description. — Lemon-yellow, foliated masses, which J 
cleave into thin, pearly, flexible scales, and also granular masses I 
like yolk of Iiard-boilt;d eggs. Less frequently as reniform c 
and imperfect orthorhombic crystals. 

Physical Characters. H., 1.5 to 2 Sp. gr., 3.4 to 3,6. 

Lustre, resinous or pearly. Translucent to nearly opaque^ J 
Streak, lemon yellow. Tenacity, slightly scctile. 

Color, lemon yellow. Cleavage, in plates or leaves. 
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Before Blowpipe, Etc. — As for realgar, except that the sub- 
limate in closed tube is yellow. 

Remarks. — Probably generally formed by sublimation, but is also deposited from 
^<< water, and formed by alteration of realgar in air and sunlight. It occurs with 
'^Igar, arsenic, arsenolite, etc. Obtained mainly from several Hungarian localities, 
from Borneo, and from Kurdistan, Turkey. Found in powder at Edenville, N. V., and 
''^as&ive in Wyoming, Utah and Nevada. 

Uses. — ^The artificial material is used in dyeing to reduce indii^o, 
^nd in tanning, as a constituent with potash and lime, to remove 
'^air from skins. 

ARSENOLITE. 

CbMPOSlTiON. — As,P|, (As, 75 8 per cent.). 

CfENERAL Description. — Minute white, hair-like crystals or yellowish or white 

^•"^st upon arsenical ores. Very rarely as distinct octahedral crystals. Sweetish taste. 

I^HYSICAL Characters. — Transparent to opaque. Lustre, vitreous or silky. O)lor, 

*^Hite to yellowish. Streak, white. H., 1.5. Sp. gr., 3.7 to 3.72. Taste, swceti>h 

^^trringent. 

Before Blowpipe, Etc — On charcoal, volatilizes completely, forming white sub- 
'^■^^ate. With R. F., yields garlic odor. Slightly soluble in hot water. Poisonous. 



THE ANTIMONY MINERALS. 

The minerals described are : J/d'/rt'/, Antimony ; Sulphides, Snw- 
'^-^'XE, Kermesite; Oxides, Valentinite, Senarmontitk. Lead 
^*^^s also frequently contain antimony. 

The only commercially important antimony mineral is the sul- 

P*^ ide, which is used to a slight extent as sulphide in vulcanizing 

"^^tber, and in safety matches, percussion caps, fireworks, etc., but is 

^^^iefly important as a source of the metal. In 1899 this country 

P^^^duced 1000 tons * of metallic antimony, and used about four 

^^*^^es that quantity, chiefly in preparing type and stereotype metal 

^^>cl other alloys. Type metal is now, however, principally pro- 

^^ced from antimonial lead obtained as a by product in refining 

^^^^e bullion. 

France, Italy, Mexico and Japan are at present the chief pro- 
ducers. 

In smelting, the ore is heated and the melted sulphide drained 
off. The sulphide may then be roasted, forming the oxide, which 
is easily reduced by fusion with charcoal, or more frequently the 
sulphide is mixed with wrought-iron scraps and salt, placed in a 
crucible and fused. The iron combines with the sulphur and the 
metallic antimony settles to the bottom. 

* Enginiifing and Mining Journal, 1900, p. 2. 
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The metal produced by either method is usually refined fc»X 
smelting with sodium carbonate and a little antimony sulphicJ*^ 
followed by two fusions with sodium carbonate alone. 

ANTIMONY.- Native Aniimony. 

Composition.— Sb, sometimes with As, Fe or Ag. 

General Description.— A very briule, lin while metal, usually massive, with fine, 
granular, steel-like texiure or lamellar or radiaied. Very rarely Ja rhoaibohedral 
crystals or complex groups. 

Physical Character^.- Opaque. Lustre, metallic. Color, tin white. Sirtak 
tin while. H., 3 to 3.5. Sp. gr., 6.5 to 6.71. Very britlle. 

Before Blowpipe, Etc. — Fuses very easily, colors the flame pale green, givei 
copious while fumes, which continue to form as a thick cloud kAer cessatioD of blast, 
and often yield a crust of needle-like crystals. 

STIBNITE.— Gray Antimony. 

Composition. — Sb^, {Sb 71.8, S 28.2 per cent). Sometimes 
contains silver or gold. 

General Description.— A lead-gray mineral of bright metallic 
lustre, occurring in imperfectly crystallized masses, with columnar 
or bladed structure; less frequently in distinct, prismatic, ortho- 
rhombic crystals or confusedly interlaced bunches of needle-like 
crystals ; also in granular to compact masses. 







lyo, Japan, Felsobanya, Hangary. 



Crystallization.- Orthorhombic. Axes a:b:c = 0.993 : 1 '■ 
I.018. Prismatic forms, often bent and curved or in divei^ent 
groups. The vertical planes are striated longitudinally. 

Common forms : unit pnsm m, unit pyramid / and pyramid 
s = a -.b : }^ c. Angles ffim = 90" 26' ; pp = \ 09" 12'; « — 
144° 24'. 
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Physical Characters. H., 2. Sp. gr, 4.52 to 4.62. 

Lustre, metallic. Opaque. 

Streak, lead gray. Tenacity, brittle to sectile. 

Color, lead gray, often with black or iridescent tarnish. 

Cleavage, easy, parallel to brachy pinacoid, yielding slightly 
flexible, blade-like strips. 

Before Blowpipe, Etc, — On charcoal, fuses very easily, yielding 
the same dense sublimate as antimony. The odor of sulphur di- 
oxide may aleo be noticed. On charcoal, with soda, yields sulphur 
test. In closed tube fuses easily, yields a little sulphur and a dark 
sublimate which is brownish red when cold. 

Soluble completely in strong boiling hydrochloric acid, wilh evo- 
lution of H,_.S, with precipitation of white basic salt on addition of 
water and after dilution an orange precipitate on addition of HjS. 
Strong nitric acid decomposes stibnite into white Sb^O, and S. 
Strong hot solution of KOH colors stibnite yellow and partially 
dissolves it. From the solution hydrochloric acid will throw down 
an orange precipitate. 

Similar Species. — Differs from galenite in cleavage, and from 
all sulphides by ease of fusion and cloud-like fumes. 

ReUAKKS. — ^tibnile occurs in veins with other anlimony minerals formed from i(, 
■bo with cinnabar, sphalerite, sidetile, ele. Larg' 'lepo'dls of slibnile occur at Love. 
li>ct[s. Bcmier and Auiiin, Nevada ; at Kingston, Idaho ; at San Emidio, Califoniia; 
in Arkansas, in Ltloh, in Nova Scotia and in New South Wites. The most celebrated 
depMit, however, is that in Shikoku, Japan, from which the very fineat crystals aad 
groups are obtained. 

Uses. — It is the chief source of antimony and its artificial pig- 
ment and pharmaceutical preparations. In the natural state it is 
used in safety matches and percussion caps, in fireworks, in rubber 
goods and id refining gold, 

KERMESITB.— Red Aniimooy. 

Composition.— Sb,S,0 or 2Sb,Sj'Sl>,<),, (Sb 75.0, S lo.o, O 5.0 per cent,). 

Genkbal DESCRfPTloN.— Fine hail-like lufn ol radiating fibres and needle-like 
crystaht, of a deep cherry-red color and almost melallic lustre. 

pHValcAL CKARACrERs. — Nearly opaque. Lustre, adamaQtine. Color, dark cherry 
red. Streak, brownish red. H., I to t.5. Sp. gr., 4.5 to 4.6. Sectile and in thin 
leaves slightly flciiblc. 

Before Blowpipe, Etc.— As (or stibnite. 

Remarks. — Kermesite results from partial oxidation of stibnite. Extensive de- 
posils exist at Pereta. Tuscany. 
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SENARMONTITB. 

CoMPOSiTioK.— SbjOj, (Sb, 83.3 per cent.). 

General Desckipt ion,— Colorless 10 gray oclihedral crystals and granular nuMK. 

Physical Chakactkhs.— Traosparem to translucent. Lustre, rcunenis. Coloi, 
colotleu or gray. Streak, while, H„ a to a.5. Sp. gr., 5.21 to 5.30. 

Before Blowpipe, Etc. — Fums eanly, coating the chatcoal with white oxide. lo 
R. F. is reduceif, but again onidizesand coals the coal, coloring the flame green. Soli- 
ble in hydrochloric acid. 

Remarks. — Formed by oxidation and decomposiiion of siibnile and other ores of 
aniimuny, 

VALENTINITE. 



crystals (orthorhombic) or ran-shiptd 
' gray color. Also in spheioidal nuua 



ir silky. Color, vhi 



Composition. — Sb,0,, {Sb, S3.3 per cent.) 

GenERAL DescriitkjN.— Small white (int 
groups of a somewhat ^.ilky lustre and white v 
with radiated lamellar alruclute. 

Physical Chaiiactf.«s. — Translucent. Lu; 
gray, pale red. Streak, «hiLe. H., a.j to 3, 

Befoke Blowpipe, Etc.— Ab Tor 

THE URANIUM MINERALS. 

The minerals described arc : UraiuiU; Urasinite ; PkospltaUs, 

AUTUNITE, TORBERNITE. 

The metal uranium has a limited use in uranium steel, as a small 
percentage of uranium increases the elasticity and hardness of or- 
dinary steel. 

A few tons of sodium uranate, commercially known as uranium 
yellow are used yearly in coloring glass yellow with a greenish 
reflex, and in coloring porcelain orange or black. A small amount 
is used in photography. 



URANINITE.— Pitch Blende. 

Composition. — A uranate of UO„ Pb, etc., and may contain Ca,j 
N, Th, Zr, Fe, Cu. Bi, etc. 

General Description. — A black massive mineral of botryoidiL*-! 
or granular structure and pitch-like appearance. Rarely in sma.V| 
isometric crystals. 

Physical Characters. H.. 5.5. Sp. gr., 5 to 9.7. 
Lustre, pitch-like, submetallic. Opaque. 

Streak, gray, olive green, dark brown. Tenacitt, brittle. 
Cqlor, some shade of black. 

Before Blowpipe, Etc. — Infusible or very slightly fused 
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edges, sometimes coloring ihe flame green from copper. On char- 
coal with soda may yield reaction for lead, arsenic and sulphur. In 
borax yields a jjreen bead made enamel lilack by flaming. Soluble 
in nitric acid to a yellow liquid from which ammonia throws down 
a bright yellow precipitate. 

Similar Species.— The a(jpcarance and streak are frequently 
sufficient distinctions. The bead tests are characteristic. 

RF-MARK^.—Urnninitc occurs boih in Briiiitic rocks and in metallic vetii^. U it 
frri|ucntiy aisocialed wilh minerals reaiilting (ram iu decomposition nnd with metallic 
ott^. It is mined at Joai:liim«ial, linheniia, from vheoce the piincipal supply is 
obtained. It occurs in JelTenon and Gilpin coanties, Colorado, having been mined aX 
Centisl City and is Tound also in some quantity in Mitcliell county, N. C, at ManelU, 
S. C. in Tcxfis, and in ihc Black Hills oi South Dakota. 

Uses. — Uraninite is the chief source of the uranium salts used 
in painting on porcelain and in the manufacture of a fluorescent 
glass of yellowish-green color. 

AUTUNITE-Lime Uraniie. 
Composition.— Ci(U0,),[P0j),-(-8H,0, (UO, 61.7, CaO 6.1, P,0, 15.5, 11,015.7 
pel cent.;. 

Uenerai. De'iCaiHrios,- Linle square (/a/90°43') orthorhombic plates of bright 
ydtow color and pearly lustre, or in micaceoui aggre^les. 

Physical Cii a r a cteb a.— Translucent. Lustre, pearly on base. Color, lemon to 
■nlphur yellow. StrcaV, pale yellow. H., 2 to 1.5. Sp. gr.. 3.05 10 3.19. Brittle. 
Clcsvafre basal. 

BcPoxK Blowpipe, Etc.— On charcoal fuses wilh intumescence to a black crystal- 
Vine Globule. Wilh salt of phosphorus or boran in the reducing flame yield* a green 
bead. Dissolves in nittic acid to a yellow solution. 

TORBERNITE.— Copper UtuUc. 

COMMSiTioN.— Cu(UO,l,(rO.), + SH,0. (UO, 6i,a, CuO 8.4, V,0^ 15,1, H,0 

15.3 I>er cent.). 
GruE&AL Description. — Thin square tetragonal plates of bright green color and 
jttarly lustre. Sometimes in pyramids or micaceous a^regales. 
PfmicAL Characters. — ^Tianslucent. Lustre, peaily. Color, emerald to gran 
grcra. Streak, palegreen, H., 3 to 2.5. Sp. gr., 3.4 to 3.6. Brilllc. 

BEroRE BLOWPirt, Etc.— Fuses easily to a blacic mass and colors the flame green. 
fn hoiax yields a green glass in O. F., which becomes opaque red in R. F. Soluble 
nitric acifl 10 a yellowish green solution. 

I THE MOLYBDENUM MINERALS. 

I "The minerals described are: Sulphidi.', Molvddenite; Oxidc^ 
^" •^ LVBDiTE. Besides these molybdenum occurs as the acid coH's^ 
P^tuent of Wulfenite elsewhere described. 
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The metal has a limited use in the production of an alloy wth^ 
steel. Its chief important compounds are sodium molybdaie u«d I 
to impart a blue color to pottery and in dyeing silks and woolens, I 
and molybdic acid from which useful chemical reagents are pre- 
pared in the laboratory. 

MOLYBDENITE. 

Composition. — MoS„ (Mo 60.0, S 40.0 per cent). 

General Description. — Thin graphit»-like scales or foHatnl 
masses of metallic lustre and bluish gray color, easily separated 
into flexible non-elastic scales. Sometimes in tabular hexagonal 
forms and fine granular masses. Soft, unctuous and marks paper. 
Physical Characters, H., 1 to 1.5. Sp. gr., 4.6 to 4.9, 

Lustre, metallic. Opaque, 

Streak, greenish.* ^"^^ Tenacity, seclile to malleable. 

C01.OR, bluish lead gray. Cleavage, basal. 

Before Blowpipe, Etc. — In forceps infusible, but at high heal 
colors the flame yellowish green. On charcoal gives sulphurous 
odor and slight sublimate, yellow hot, while cold, and deep blue 
when flashed with the reducing flame. Soluble in strong nitric 
acid and during solution on platinum it is lumiious. With sul- 
phuric acid yields a blue solution. In salt of phosphorus anA 
borax yields characteristic molybdenum reactions. 

Similar Species. — Differs from graphite in streak and blowpipe 
reactions. May usually be distinguished by its lighter bluish gray, 
color. 

Remarks.— Occurs usually in crytiallinc mckEi, nnd n nul readily ilternl. It is found 
in many AmcriCBH localities, but is nul mined. Weslmofeland, N. IL, Blue liill B»f, 
Maine, and Pilkin, Colorado, have probably the largest American de|ioills. 

Uses. — It is the source of the molybdenum salts which are ina- 
portant chiefly in analytical work. 

MOLYBDITE. 

Composition. — MoO,, (Mo 66,7 per cent.). 

Gl^'ERAL DescRlFTioN.— An canhy yellow powder oriTU-cly, tufu and hair-Iiltfl 
ciystaU of yellowish white color. 

Physical Cha«actbr.s. — Opaque to translucent. Lustre, dull of sillcy. CoIm, 
yellow or yellowish white. Streak, straw yellow. H,, I to a. Sp.gr., 4,45 1, 

Before Blowpipb, Etc.— On charcoal fuses, yielding crywaU yellow hoi, while 
cold, and inado deep blue by the reducing flame. In burax and salt of pbotphanit 
fives characteristic molybdenum reaction*. 

* Best seen on glazed porcelain. 



CHAPTER XXVII. 

THE COPPER MINERALS. 

The minerals described are : Metal, Copper ; Sulphides, Chal- 
cociTE, BoRNiTE, Chalcopvrite ; Sulplwarsenides, Enargite, Ten- 
nantite; Stdphoantimonidcs, Tetrahedrite ; Oxides, Cuprite, 
Tenorite; Oxychloride, Atacamite; Sulphates, Chalcanthite, 
Brochantite ; Phosphate, Libethenite ; Arsenate, Olivenite ; 
Carbonates, Malachite, Azlrite ; Silieates, Chrysocolla, Diop- 
TASE. In addition to these the iron sulphides often carry copper 
which is extracted after burning for sulphuric acid. 

The chief copper minerals are chalcopyrite and bornite, native 
copper, cuprite, malachite and azurite, though with the exception 
of two or three, all the others above mentioned are sufficiently 
plentiful to be considered as ores. The world's product* of cop- 
per in 1898 was 434,329 long tons of which this country produced 
239,241 tons. In 1899 the output of the United States had increas- 
ed to 264,586 tonsf, and of the total product of the world, about one- 
fourth was derived from the sulphide ores of Montana, and one-sixth 
from the native copper of Michigan. Altogether, the United States 

yelds about two-thirds of the copper annually produced. 

The method of extraction of the copper is dependent upon the 
'^^ture of the ore, and ma> roughly be classed under three headings : 

Treatment of native copper. 

Treatment of oxidized ores. 

Treatment of sulphides. 

A great many processes exist or have existed, but these for a 
general brief discussion may be reduced to a small number of type 
processes of which the others are variations due to local conditions 
Or constituents of the ore. 

Treatment of Native Copper. 

Native copper occurs in enormous quantities in Michigan, and 
the deposits mined average less than two per cent, of copper, al- 
though occasionally large masses of the metal are found. The 
rock is crushed by steam stamps and the copper separated from 

* Mineral Ittdustries^ 1899, pp. 213 ct sfq. 

\ Engineering and Minin}; Journal ^ 1900, p. 2. 
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I the rock by the action of water and the use of jigs, tables, and otliei; 

I concentrating apparatus. The concentrated material is then melted 

I in a large reverberator/ furnace with limestone and slag^ from prevH 

ous operations. The new slag thus formed contains the rcmaiibi 

ing rock and \% removed, leaving behind copper, which after a 

period of reduction by charcoal and stirring is cast into ingots. 

' Treatment of Oxidized Ores. 

The oxidized ores in Arizona which average over ten per cent 
of copper, are smelted in blast-furnaces with coke and the ncccs-i 
sary flux to make a slag with the associated ganguc. The result 
is an impure metal called black copper, which is later rehncd. 

Treatment of Sulphides. 

The trc.itmcnt of sulphides is quite varied, depending chiefly o 
the presence or absence of arsenic, the richness of the ore and the 
local conditions. The ores always contain iron, copper and sul- 
phur, and may contain arsenic, antimony, silver, gold, etc. All 
the smelting processes depend on the facts that at high tempera 
turcs copper has a greater affinity for sulphur than iron has, and^ 
iron a stronger affinity than copper for oxygen. St thai if sticfl 
an ore is subjected to oxidation by roasting, oxides result : but in 
the subsequent fusion, if enough sulphur has been left, the copper 
will form a fusible sulphide, and the oxidized iron will unite witEt 
the gangue and the flux to form a slag, 

By regulating the roasting, the sulphur contents may be brought 
to any de-iircd percentage. This may be just sufficient to satisfy: 
the copper or to satisfy also a great deal of the iron producing I 
low-grade sulphide (matte), which, by re-roasting and refusion, is 
enriched. The low-grade matte means a smaller loss of copper 
in the slags, and is often of service in assisting the removal of ai« 
senic and antimony. 

When the matte has reached the required percentage of copper^ 
it is roasted as free from sulphur as possible, and being now essen- 
tially an oxide, it may be smelted for copper either in a shafl-fur< 
nace, much as the oxidized ores are, or, when silver or gold 'M 
present, in a reverberatory furnace. 

In a more recent method the ores are roasted and fused, pro* 
ducing a matte containing over fifty per cent, of copper. Thi 
matte, while li(|uid, is run into a sort of Bessemer converter, an^ 



a blast turned on, by which the sulphur, arseivic and antimony 
are driven off, the iron oxidized and converted into slag, and black 
copper obtained. 

The crude copper is refined cither by remelting and oxidation, 
or more frequently electrolytically. 

The great uses of copper are in electrical work and in alloys 
with zinc and tin. such as brass, yellow metal, bronze, bell metal, 
German silver, etc. In 1 899 about 30,000 tons of copper sulphate 
were made in the United States. 

COPPER. 

Composition. — Cu often containing Ag, sometimes Hg or Bi. 

General Description. — A soft, j,,^. ,f^. 

red, malleable metal, with a red streak. 
Usually in sheets or disseminated 
masses, varying from small grains to ^^li^^j] 

several hundred tons in weight. Also 
in threads and wire and in distorted 
crystals and twisted groups. "' ' "^"™ 

CRVSTALLI2ATION. — Isometric. Tetrahe.vahedron and cube most 
frequent, also twinned, Fig. 466, giving by elongation spear-shaped 
forms often complexly grouped and usually distorted. See Fig. 3 1 2. 
Fir. 464. Ken. 465, F]';. 466. 




^ J < :>; > 




\ 



' ^"pc 



Physical Characters. H.. 3.5 to 3. Sp. gr., 8.8 lo 8.9. 
Lustre, metallic. Opaque. 

Streak, copper red. Tenacity, malleable and ductile. 

Color, copper red. tarnishing nearly black. 

Before Blowpipe, Etc. — Fuses easily to a malleable globule, 
often coated with a black oxide. In beads, becomes in O. F. green 
when hot; blue, cold, and in R. F. opaque red. Soluble in nitric 
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acid, with evolution of a brown gas, to a green solution, which \i^^'^ 
deposit copper on iron or steel. The solution becomes deep azui^ 
blue on addition of ammonia. 

Similar Species. — Resembles niccolite and tarnished siiver, 
differs in copper-red streak. 



Remarks. — Occurs with native silver and ores of copper, and by oxidation may 
form cuprite or melaconite or the carbonates. In Michigan it occurs in trap or 
conglomerate. It is especially apt to occur near dikes of igneous rocks. The 
great locality of the world for native copper, and the only locality still yielding this 
mineral in large quantities, is the Lake Superior region of Northern Michigan, and 
although the territory here covered is many square miles in extent, the Calumet and 
Hecla mine yields the major part of all that is produced. Although native copper is 
also found in Arizona, California, and, to a limited extent, in other American locali- 
ties, it is never mined for itself alone, nor does it constitute a large part of the copper 
ore present. The Coro-Coro mines, in Bolivia, are now producing some copper from 
the native metal. 

Uses. — It is an important source of the copper of commerce. 

CHALCOCITE.— Copper Glance. 

Composition. — CU2S, (Cu 79.8, S 20.2 per cent.). 

General Description. — Black granular or compact masses, 
with metallic lustre or sometimes nodules or pseudomorphic after 
wood. Often coated with the green carbonate, malachite. Also 
in crystals. 

Crystallization. — Orthorhombic, ^ : ^ : t^ = 0.582 : i : 0.970. 
/ A /= 1 19° 35'. ^ 1 = 117^ 24 J^'. Tabular forms, pseudo- 
hexagonal or frequently twinned, making star-like groups. 

Physical Characters. H., 2.5 to 3. Sp. gr., 5.5 to 5.8. 
Lustre, metallic. Opaque. 

Streak, lead gray.- Tenacity, brittle. 

Color, blackish lead gray, with dull-black tarnish. 

Before Blowpipe, Etc. — On charcoal, fuses to a globule, yield- 
ing sulphur dioxide. With soda, yields a copper button and a 
strong sulphur reaction. Colors flame emerald gr^n, or if moist- 
ened with hydrochloric acid, it colors the flame azure blue. In 
borax or salt of phosphorus, yields copper beads. Soluble in nitric 
acid, leaving a residue of sulphur. 

Similar Species. — It is more brittle than argentite, and diflfers 
from bornite in not becoming magnetic on fusion. 

Remarks. — Chalcocite occurs with other copper minerals and with hematite, 
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enite aad cassileiile. Is found at Huge, Monlana, arid olher American loeaiilies 
less importance. Fine crystals arc oblained from Cornwall, Englnncl. 

Uses. — It is an ore of copper. 

BORNITE.— Purple Copper Ore. Horse Flesh Ore. 

Composition. — CujFeSj, (Cu55.5,Fe 16,4,528.1 per cent.), but 
often contains admixed chalcocite. 

General Description. — On fresh fracture, bornite is gf a pecu- 
liar red-brown color and metallic lustre. It tarnishes to deep blue 
and purple tints, often variegated. Usually massive, sometimes 
small cubes or other isometric forms. 
Physical Characters. H., 3. Sp. gr., 4.9 to 5.4. 

Lustre, metallic. Opaque. 

Streak, graykh black. Tenacity, brittle. 

Color, dark copper red, brownish or violet blue, often varied. 

Before Blowpipe, Etc. — Blackens, becomes red on cooling, 
and finally fuses to a brittle, magnetic globule and evolves sulphur 
dioxide fumes. In oxidizing flame with borax or salt of phos- 
phorus, gives green bead when hot, greenish blue when cold, the 
bead is opaque red in the reducing flame. Soluble in nitric acid, 
with separation of sulphur. 

Remarks. — On account of ils high percentage of copper, it is eapeciatly valuable at 
an ore of copper when found in quanlily. A large ponion of the ore of many of the 
Chili.in minei comitK of bornite, and il has been found in quantity in the Montana 
copper regions. Also found at Brislol, Conn, ; AcIod, Canada : in Mexico, in Pcro 
and other copper regions. 

Uses, — It is an important ore of copper. 

CHALCOPYRITE.— Copper Pyrites. Yellow Copper Ore. 

Composition. — CuFeS,. (Cu 34.;, Fe 30.5, S 35.0 per cent.), with 
mechanically intermixed pyrite at times. 

General Description. — A bright brassy yellow mineral of 
metallic lustre, often with iridescent tarnish resembling that of 
bornite. Usually massive. Sometimes in cr)^stal5. 

Crystallization. — Tetragonal. Scalenohedral class p. 31, 
Axis c = 0.985. 

Sphenoids predominate / = unit sphenoid ; o = a : a : j c ; 
f^ a : a:^f ; i' = « ; « : 41" ; s= a: 2ii:c 

Angles (over top) />p=7i° 20' ; fo = it° S'; /(= 141° 2s'; 
vv^ 20° 21'. 



/ 
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Flc. 467, Fhi. 4fcS. Fill, 469. 




Ftcneh Creek, I'«, 



laieiiyillc. N. V. 



Physical Characters. H., 3.5 to 4. Sp. gr,. 4.1 to 4,3. 

LusTKK, metallic. Opaque. 

Streak, greenish black. Tbnacity, brittle. 

CoLOK, bright brass yellow, often tarnished in blue, purple and 
black hues. 

Bepore Blowpipe, Etc. — On charcoal fuses with scintillation to 
a brittle magnetic globule. With soda yields metallic malleable 
red button and sulphur test. In closed tube decrepitates, becomet 
dark and iridescent and may give deposit of sulphur. Klame and 
bead reaction like bornite. Soluble in nitric acid with scparatioft 
of sulphur, and from the solution ammonia throws down a browro 
precipitate, and leaves the liquid deep blue in color, 

Similar Species. — Chalcopyrite is softer and darker in colofi 
than pyrite. and differs from gold in black streak and brittlcness, 

Remanks. — Chalcopyrile is probably formed in n manner simjlnr to ihe furrDati 
of pyrile which is iU frequent msocinle. It! most plominEiit ntsncialeil mineicli orv 
the mctnlUc sulphide* and cupper am, many of whicli have been formed by i| 
■Itersiion, It sometimei contains gold or silver. It i> a very widely distributed minen 
■nd the major part of nil the copper produced is made from h. ProininenI mtnn u 
In the Uuile, Monlaiia, rcgiiui : and in llinghain Canyun, Utah. AIki ]>rHluccd fi 
Ui^e quaoiliics, nl Falun in Sweden ; Rio Tinfi, Spain : Smllmry, Camida \ and 
other imjunint localities. 

Uses. — It is the great ore of copper. 
ENARGITE. 
Composition. — Cu^AsS,, (Cu 48,3, As 19. 1, 
S 32. 6 per cent). Sometimes with Cu replaced 
in part by Zn or Fe and As by Sb. 

General DESCRipnoN. — A black brittle min- 
eral of metallic lustre, and occurring usually 
columnar or granular but .sometimes in ortho- 
rhombic crj'stals. 




Ub&uiila Co., Mont. 
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Axes a -.b-.'c = 0.871 : 1 : 
Angles arc mm ='97'' 



Crvstallization. — Orthorhombic. 
0.825. w = ""'t prism, I = 2a : 
55' i ''''=59° 53'- 
Physical Characters. H., 3. Sp. gr, 4.43 to 4.45. 

Lustre, metallic. OpAQUE. 

Streak, blackish gray. Tenacity, brittle. 

Color, black or blackish gray. 

Before Blowpjpe, Etc. — On charcoal fuses, yields white fumes 
with garlic odor. With soda yields malleable copper and a reaction 
for sulphur. In closed tube decrepitates, yields sulphur sublimate, 
then fuses and yields red sublimate of arsenic sulphide. Soluble 
in nitric acid. 



ReuarKs, — Eaargitc occurs with other copper 
from il;i altcmtion. It is foun' 
Butie, Montnna, Gilpin county, Cotorado; 



a the 



inerals, especiiljy itr^enate^ derived 
inlainsof Chili and Peru. Also u 
South Carolina, Utah and Calirotnia. 



Uses. — It is an ore of copper, and has been extensively mined. 



e by replacetDeot of As by Sb, 
il be-st known in isometric crystals 






TENNANTITE. 

Composition,— Cu,As,S„ grading into lelrah 

General DESCHiprtOH.— A black metaUicm 
bat occurring massive in the Utah mines. 

PnvsiCAi. Ckahacters.— Opaque. Lustre, metallic. Color, black g 
gniy. Streak, dark reddish gray. H., J.5 to 4. Sp. gr., 4.37 104,53, 

Bej'ohe BLOwpifE, ETc.^-On coal fuses easily with intumescence and evolves 
white fames with garlic odot. Frequently fuses lo a magnetic globule due lo (he 
presence of iron. In closed lube decrepitates slightly. With soda yields malleable 
red button and sulphur reaction. Soluble in nitric acid. 

TETRAHEDRITE,— Gray Copper Ore, 

Composition.— CugSb..S,. Cu often partially replaced by Fe, Zn, 
Pb, Hg. Ag, and the Sb by As, 

General Description. — A fine grained, dark gray mineral of 
metallic lustre. Characterized especially by the letrahedral habit 
of its crystals which arc sometimes coated with yellow chalcopy- 
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Fig. 474. 



Fig. 475. 



Fig. 476. 





Crystallization. — Isometric. Hcxtetrahedral class p. i 8. 
The tetrahedron p. Fig. 471, usually predominates, often modified 
by the tristetrahedron n^a\2a\ 2a, Figs. 474, 475, 476 and l^ss 
frequently by other forms such as the dodecahedron d^ Figs. 4x^2 
476, and the tristetrahedron r =1 a : a : 2a, Fig. 473. 

Physical Characters. H., 3 to 4.5. Sp. gr., 4.5 to 5.1. 
Lustre, metallic. Opaque, 

Streak, black or reddish brown. Tenacity, brittle. 

Color, light steel to dark lead gray or iron black. 

Before Blowpipe, Etc.— On charcoal fuses ea««ily to a glob 
which may be slightly magnetic. Evolves heavy white fum 
with sometimes garlic odor. The roasted residue gives bead 
flame reactions for copper. Soluble in nitric acid to a green so! 
tion with white residue. 

Varieties — Varieties based upon the replacing metal as mercuri 
argentiferous, platiniferous, bismuthiferous, etc., are given speci 
names as Freibcrgite, Schwatzite^ Rioniti\ etc. 

Similar Species. — The crystals are characteristic. The 
grained fracture in conjunction with the color is often suflficienc t 
distinguish it. It is softer than arsenopyrite and the metallic cobaC- — •^ 
ores, and does not generally yield a strongly magnetic residue ot 
heating. Bournonite and chalcocite are softer, and finally th- 
blowpipe reactions are distinctive. 

Rkmarks.— Occurs with the sulphides of lead, silver, copper, etc., especially i 
Humbolt County, Nevada, and numerous localities in Colorado. Also in 
Bolivia, Chili, and in many parts of Europe. 

Uses. — It is sometimes worked for silver and also for copper. 

CUPRITE.— Red Oxide of Copper, Ruby Copper Ore. 

Composition. — Cu,0, (Cu 88.8 per cent.). Sometimes in 
mixed with limonite. 
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RAL Description. — Fine grained, masses dark red, brown- 
md earthy brick-red in color ; or deep red to crimson trans- 
sometric crystals usually octahedrons, or cubes. Also 
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Fig. 478. 



Fig. 479. 
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Sp. gr., 5.85 to 6.15. 
Transparent to opaque. 
Tenacity, brittle. 



ALLizATiON. — Isomctric. Class of gyroid. The octahe- 
:ube a and dodecahedron d predominating. Index of re- 
for red light 2.849. 

il Characters. H., 3.5 to 4. 

(E, adamantine or dull. 

iK, brownish red. 

I, crimson, scarlet, vermilion, or brownish red. 

IE Blowpipe, Etc. — On charcoal blackens and fuses easily 
leable red button. Flame and bead tests give the color for 
Soluble in nitric acid to a green solution. Soluble also 
y hydrochloric acid to a brown solution which diluted with 
elds a white precipitate. 

AR Species. — It is softer than hematite and harder than 
• or proustite, and differs from them all by yielding an 
-green flame and a malleable red metal on heating. 

cs. — It is formed by oxidation of sulphides or the metal, and is found near the 
ociated with limonite, quartz, and copper minerals. It changes to the bUck 
to the carbonates and silicate. In the United States it is especially abundant 
:ona copper region. Also found in the Lake Superior region, and is abun- 
iili, Peru and Bolivia in association with the other copper ores. 

— It is an important ore of copper. 

TBNORITE.— Melaconite, Black Oxide of Copper. 

ITION.— CuO, (Cu 79.85 per cent). 

L Description. — Dull black earthy masses, black powder and shining 
ts. 

LL Characters. — Lustre, metallic in scales, dull in masses. Color and 
:k. H., 3. Sp. gr., 5.82 to 6.25. 
Blowpipe, Etc. — Infusible, otherwise like cuprite. 
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Fig. 480. 



Remarks. — Occurs in fissures in the lava of Vesuvius, as a black coat on chalcopy- 
rite and as dull black masses with chrysocolla. 

ATACAMITE. 

CoMPOSiTiON.--Cu(OH)ClCu(OH)„ (Cu 59.45, CI 16.64 per cent!). 

General Description. — Confused aggregates of crystals of bright or dark-green 
color. Also granular or compact massive, or as a crust. Rarely in slender orthorhom- 
bic prisms. 

Physical Characters. — Translucent to transparent. Lustre, adamantine to vit- 
reous. Color, bright green, emerald green, blackish green. Streak, apple green. 
H., 3 to 3.5. Sp. gr., 3.75 to 3.77. 

Before Blowpipe, Etc. — On charcoal, fuses to a copper red, malleable button, and 
colors the flame a beautiful and persistent blue without the aid of hydrochloric acid. In 
closed tube yields water and a gray sublimate. Soluble in acids to a green solution. 

CHALCANTHITE.— Blue Vitriol. 

Composition.— CuSO^'SHjO, (CuO 31.8, SO, 32.1, H,0 36.1 per cent.). 
General Description. — A blue, glassy mineral, with a disagreeable metallic taste. 
It occurs usually as an incrustation, with fibrous, stalactitic or botryoidal structure; bat 
sometimes in fiat triclinic crystals. 

Physical Characters. — Translucent. Lustre, vitreous. Color, deep blue to 
sky blue. Streak, white. H., 2.5. Sp. gr., 2.12 to 2.30. Brittle. Taste, metallic 
nauseous. 

Crystallization. — Triclinic. Axes d : ^ : f' = 0.566 : i : 
0.551. Axial angles a = 82° 21'; /3 = 73® 11'; 7 = 77® 37'- 
Prominent forms, right and left unit prism m and M^ unit pyr>* 
mid /, and the pinacoids a and b. Angles mM= 123** l^- 
Optically — . 

Before Blowpipe, Etc. — On charcoal, fuses, coloring flaw* 
green and leaving metallic copper. In closed tube yields water 
and sulphur dioxide and leaves a white powder. Easily soluble 
in water to a blue solution. 

Remarks. — It is produced by oxidation of the sulphides, es- 
pecially chalcopyrite. Copper is sometimes saved by precipitation fh>m mine waters 
containing chalcaiithite. 

BROCHANTITE. 

Composition.— CuSO^ 3Cu(OH)„ (CuO 70.34, SO, 17.71 H,0 11.95 per cent) 

General Description. — Velvety, emerald-green crusts of fine needle crystals and 
as botryoidal masses. 

Physical Characters. — Transparent to translucent. Lustre, vitreous. CokJ^ 
emerald or blackish green. Streak, pale green. H., 3.5 to 4. Sp. gr., 3.9. 

Before Blowpipe, Etc. — On charcoal turns black, colors the flame emerald green 
and leaves malleable red button. Insoluble in water, but soluble in acids. In cloce<l 
tube yields water. 

LIBETHENITE. 

Composition.— Ca,(OH)PO^, (CuO 66.4, P^Oj 29.8, H,0 3.8 percent.). 
General Description. — A dark, olive-green mineral, usually in druses of short 
prismatic orthorhombic crystals and more rarely compact. 
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Physical Characters. — ^TransIucent. Lustre, resinous. Color, olive green. 
Streak, olive green. H., 4. Sp. gr., 3.6 to 3.8. Brittle. 

Before Blowpipe, Etc. — Fuses easily to a brown or reddish globule, coloring the 
flame emerald green, and yields metallic copper. Fused with lead yields a crystalline 
^ and metallic copper. In closed tube yields water and turns black. Soluble in 
nitric acid. 

OLIVENITE. 

CoMPOSiTiON.--Cu,{OH)As04 (CuO 56.1, As.^^ 40.7, \{.f> 3.2 per cent.). 

Ge.veral Descriptiom. — Needle-like orthorhombic crystals of dark olive-green, also 
•^ules and fibrous or velvety masses of light-green to gray or brown color. 

Physical Characters. — Translucent to opaque. Lustre, adamantine to vitreous, 
^lor, olive to blackish green, also yellow, brown, grayish white. Streak, olive green 
*^ brown. H., 3. Sp. gr., 4.1 to 4.4. Brittle. 

Before Blowpipe, Etc. — On charcoal, fuses, deflagrates, colors the flame bluish 
green and gives odor of garlic. Residue is a brown, brittle, somewhat crystalline but- 
^- In closed tube, yields water. Soluble in nitric acid. 

MALrACHITE.— Green Carbonate of Copper. 

Composition. — Cu5(OH),COs, (CuO 71.9, CO, 19.9, H,0 8.2 
^r cent) 

General Description. — Bright-green masses and crusts, often 
'ith a delicate, silky fibrous structure or banded in lighter and 
^rker shades of green. Sometimes stalactitic. Also in dull- 
^een, earthy masses, and rarely in small, slender, monoclinic 
■ystals. Frequently coating other copper minerals or filling 
leir crevices and seams. 

hysical Characters. H., 3.5 to 4. Sp. gr., 3.9 to 4.03. 
Lustre, silky, adamantine or dull. Translucent to opaque. 
Streak, pale green. Tenacity, brittle. 

Color, bright emerald to grass green or nearly black. 

Before Blowpipe, Etc. — On charcoal, decrepitates, blackens, 
ses, and colors the flame green, leaving a globule of metallic 
>pper. In closed tube, blackens and yields water and carbon 
Oxide. Soluble in acids, with effervescence. 

Similar Species. — Distinguished by color and effervescence 
nth acids. 

Remarks. — Malachite is formed by action of carbonated waters on other copper 
linerals. It is found chiefly with these or pseudomorphous after them, especially 
ler cuprite and azurite. Immense deposits occur at Bisbee, Arizona, and other local- 
es in the same region. Also in large deposits in Siberia, Chili and Australia. In 
nailer quantities it is found in the vicinity of all copper ores. 

Uses. — Is an ore of copper, and like marble is polished for or- 
imental articles, table-tops, etc. 
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AZURITE.— Blue Carbonate of Copper. 

Composition.— 003(011)2(003)2, (CuO 69.2, CO^ 25.6, HjO 5 . - 
per cent). 

General Description. — A dark-blue mineral occurring in 
highly modified glassy crystals and groups. When massive, it 
may be vitreous, sometimes velvety or dull and earthy. It fre- 
quently occurs as an incrustation on other copper ores, and dis- 
tributed through their cracks and crevices. 



Fig. 481. 



Fig. 482. 





Arizona. 



Chessy, France. 



Crystallization. — Monoclinic. Axes a\b\ <:=o.85o : i : 0.88 ^*' 
^=87^36'. 

Crystals very varied in habit. Those figured show basal piJ^^' 
coid r, ortho pinacoid a, unit prism ;//, unit dome o, and the p^^^ 
mids /, r, and z/. Prominent angles are ;//;«= 99° 19';^^= 135° ^ ^ 
Optically -f-. 

Physical Characters. H., 3.5 to 4. Sp. gr., 3.77 to 3.83. 

Lustre, vitreous. Translucent to opaques ^ 

Streak, blue. Tenacity, brittle. 

Color, dark blue to azure blue. 

Before Blowpipe, Etc. — As for malachite. 

Remarks. — Origin, associates and localities are the same as for malachite. 

Uses. — As an ore of copper and a rather unsatisfactory b^ 
paint. 

CHRYSOCOLLA. 

Composition. — CuSiOg + 2H2O. Often very impure (CuO 45 - ^ 
SiO.^ 34.3, H.,0 20.5 per cent.). 

General Description. — Green to blue incrustations and sea^i^-^ 
often opal-like in texture, or sometimes, from impurities, reserf^' 
bling a kaolin colored by copper. Also brown, resembling limoni^^' 
and in dull green earthy masses. Never found in crystals. 



i 



THE COPPER MINERALS. 



Physical Characters. H., 2 to 4. Sp. gr., 2 to 2.3, 

LusTKE, vitreous, dull. Translucent to opaque. 

Streak, white. Tenacity, brittle. 

Color, green to light blue, brown when ferriferous. 

Before Blowpipe. Etc. — In forceps or on charcoal is infusible, 
but turns black, then brown and colors the flame emerald green. In 
bead, reacts for copper. With soda, yields malleable copper. In 
closed tube, yields water. Decomposed by hydrochloric acid, 
leaving a residue of silica. Boiled with KOH, yields a blue solu- 
tion, from which excess of NH.CI precipitates flocculent H,SiOj. 

Similar Species. — It is softer than turquois or opal and does not 
effervesce like malachite. 

Remarks. — Chrysucolli occurs with other copper minerals, especially near the lops 
of Tein!i. Ii i; pTobably rormeil by the action of hot solutions of alkaline silicates 
on other copper ores. Found at Clifton, Arizona; Haitvi lie, Wyoming, and in molt 
of the prominent copper- bearing reE'""'- 

Uses. — As an ore of copper and an imitation turquois. 
DIOPTASE. 

Composition.— H,CuSiO„ (CuO 50.4. SiO, 38.2, H,0 114 per cent.). 

General Descriptiun.— Glassy, emerald-green crystals and 
I''- 483. dtuses of indistinct crystals. Also found massive. 

CRYSTALLUATtON.— Hesagonal.f ==0.534. ^A JP = 115" 
55'' 2 A J -= 95° ib%'. Commonly prismatic, with rliombo- 
hcdrol terminations. 

Physical Chakactebs, Transparent to opaque. Lustr^ 
vitreous Color, emerald green. Streak, green. H , 5. Spi 
gr„ 3.28 10 3.35. Brittle. Cleavage, rhombohedml. 

Befork BLowriPE, Etc. — Decrepitates, blackens, colors the 
flame emerald green bat is infu^ble. In dosed tube, blackens 
and yields water. Gelatinizes with acids. 




CHAPTER XXVIII. 

MERCURY AND SILVER MINERALS. 

THE MERCURY MINERALS. 

The minerals described are: Metal ^ Mercury; Sulphide ^Z\T^' 
NABAR ; ClUoride, Calomel. 

The only ore is cinnabar with which the native metal sometime ^ 
occurs in small quantities. The ore is usually low grade, th^*^ 
mined in this country yielding an average of less than one percenit:- 
of mercury. The world's product of mercury in 1898 was abois "* 
4,600 tons, of which the United States produced about one-fourtlm -. 
or 1,163 ^ons. In 1899 the output of the United States was 1,09 
tons.* 

Mercury is obtained from cinnabar by heating the larger lump 
in a shaft- furnace, resembling a continuous lime kiln, with tlir 
exterior fire places. A little fuel is also mixed with the ore. Th 
heat decomposes the sulphide, forming fumes of sulphur dioxld 
and mercury. These fumes are carried off through large iro 
pipes to condensers where the mercury is liquified. The finer ore L ^ 
heated in a vertical shaft containing a series of inclined shelves do\v«^ 
which the ore slips whenever any is drawn off at the bottom. The* 
fumes go to the condensers already mentioned. 

Mercury is extensively used in certain processes for the extrac 
tion of gold and silver from their ores and in the manufacture of 
vermilion. Minor uses are in barometers, thermometers, silvering 
mirrors, and in medicine. 

MERCURY. 

Composition. — Hi^, with sometimes a little silver. 

Genkrai. DnscRirrioN. — A tin \\ hite liquid with metallic lustre. Usually found in 
little globules scattered in the gan^ue, or in cavities with cinnabar or calomel. 

Physicat. Charactkks. — Opa(jue liquid. Lustre, metallic. Color, tin white. Sp. 

gr., 13.59- 

Bfjork I^Lowi'irK. Kic. — Entirely volatile. In matrass or closed tube may b€ 

collected in Miiall globules. S )luble in nitric acid. 



Eiv^iticcrifi;^ and Aliniu;^ Joiinial^ 1 900, p. 2. 
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CINNABAR.— Natural Vermilion. 

Composition. — HgS, (Hg S6.2 per cent.). 

General Description. — Very heavy, bright vermilion to brown- 
ish red masses of granular texture; more rarely small transparent 
rh,3mbohedral crystals, or bright scarlet powder, or earthy red mass. 
Sometimes nearly black from organic matter. 

Physical Characters, H., 2 to 2.5. Sp. gr., 8 to 8,2. 
Lustre, adamantine to dull. Opaque to transparent. 

Streak, scarlet Tenacity, brittle to sectile. 

Color, cochineal red. scarlet, reddish brown, blackish. 

Before Blowpipe, Etc. — Completely volatilized without fusion 
if pure. With soda gives sulphur reaction. In closed tube 
yields black sublimate, which becomes red when rubbed ; if soda 
is usedanietallic mirroris obtained instead of the black sublimate, 
and by rubbing with a splinter of wood globules of mercury may 
be collected. If cinnabar powder is moistened with hydrochloric 
acid and rubbed on bright copperthe coin is coated with mercury. 
Soluble in aqua regia. 

Similar Species. — Cinnabar is softer and heavier than hematite, 
cuprite, and rutile. It has more decided red streak than crocoite 
and realgar, and differs from proustite in density and blowpipe 
reactions. 

Remarks. — Cinnabar occurs in sktc rocks and shales, and sometimes in graniie or 
porphjTy auocinled wilh sulphides or iroo, copper, ancimoujr, and arsenic, and with 
native gold, lis chief localities are Idria, Southern Austria; Almadea, Spain ; Huan- 
CAvelLca. Peru: Kwei-chan. China; Ekaterinoslav, Russia, and at seveml places in 
Lake, San Reniln, Napa, and Santa Clara counciea, Catirumia ' 



Uses. — It is the only important ore of mere 
cinnabar is the important pigment vermilion. 



jry. 



The artificial 



CALOMEL —Horn Mercury. 

CoKI-oslTION-.— HgiCij, (Hg S4.!) |iet ccni.], 

GC-NUiAl- DEscttiPTiON.— A gray or I 
o( hotii. Usually Tound as a coating xn 
in we II- lie V eloped tetragonal rurms f^ 1.723. 

Physical CtiARAcrERS. — Translucent. Lustre, adamantine. Color, gray, white, 
brown. Streak, white. H„ 1 to 2. Sp. gr., 6.48. Very sectile. 

Before Blowpipe, Etc.— Volaliliiea without fusion, yielding 3 while coaling. In 
closed lube with loda forms a metallic mirror. 
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THE SILVER MINERALS. 

The minerals described are : Metal^ Silver, Amalgam ; Sul- 
phides, TellurideSy etc., Argentite, Hessite, Proustite, Pvrar- 
GYRiTE, Stephanite, Polybasite, Stromeyerite ; Haloids, Cerar- 

GYRITE, BrOMYRITE, EmBOLITE, IoDYRITE. 

Generally speaking ordinary silver ores contain less than one 
per cent, of the silver compounds distributed through various 
earthy and metallic minerals, and only in occasional rich specimens 
do they show the true nature of the silver-bearing substance. 
Frequently the ore will contain less than twenty ounces of silver 
per ton. 

In 1898* the production of silver was 58,763,127 ounces in 
this country alone, and the product of the world was 190,641,- 
163 ounces. In 1899 the United States produced 61,179,689 
ounces, valued at $36,573,218.1 

A steadily increasing proportion of the world's output of silver 
is obtained from ores of other metals which contain it, especially 
the ores of lead and copper. In many cases also the silver min- 
erals are smelted with these ores, and the silver later separated 
from the metallic lead or copper product. 

The extraction of silver by reduction with lead-ores in a water- 
jacket furnace, and the subsequent treatment has been referred to 
under lead, p. 241. When silver is a constituent of a copper 
matte it is recovered as a sedimentary product in the electrolytic 
refining of the copper. It is collected, together with any gold 
present, and further purified. 

In some instances the silver is extracted from the ore by wet 
processes or by treatment with mercury. 

Several processes for extracting silver by the use of mercury 
exist, the principle in every case being that mercury will reduce 
certain compounds of silver to metal and unite with the silver, or 
if mercury is present and some other substance, as iron or copper, 
reduces the ore to silver, the mercury will collect it. 

The details of amalgamation are in transforming the silver to a 
condition in which the mercury can act — for instance, forming 
chlorides by roasting with salt — and in the method of reduction. 

* Mineral Industry, 1 899, 289. 

-\ Efigineeriui^ and Mining Journaiy 1900, p. 2. 
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In pan amalgamation, so called, the finely-crushed ore, chlorid- 
ized when necessary, and mixed to a pulp with water, is charged 
into a tub-like vessel, with an iron bottom and wooden sides. In 
this tub or pan there revolves a stirrer, with arms shaped to 
throw the pulp to the sides, from which it rolls back to the 
centre. Attached to the arms are grinding shoes, which can be 
lowered so as to rub on the iron bottom or be raised free from it. 
The practice will differ in detail, but generally the pulp will be 
kept hot by steam, and no mercury will be added until the grind- 
ing is completed. During the grinding the metallic iron of the 
bottom and the shoes reduces the silver compound; although 
chemicals, such as salt, copper sulphate, potassium cyanide, etc., 
are sometimes added to assist. After the grinding the mercury is 
added, and the stirring continued until the mercury has collected 
all the silver. The mass is then run into a larger tub, diluted, the 
mercury amalgam separated, and. by subsequent distillation, the 
silver recovered from the mercury. 

SILVER.— Native Silver. 

Composition, — Ag, sometimes alloyed with Au, Cu, Ft, Hg, 
Sb. Bi. 

General Description. — A silver-white, mal- ''"■■ 4^4 

leable metal, occurring in masses, scales, and 
twisted wire-like filaments, Fig. 484. penetrating 
the gangue or flattened upon its surface. Some- 
times in isometric crystals, occasionally sharp 
but more frequently elongated and needle like or 
in arborescent groups each branch of which is 
composed of distorted forms in parallel position. 
Physical Characters. H., 2.5 to 3. Sp. gr., 10. 

Lustre, metallic. Omque. 

Streak, silver white. Tenacity, malleable. 

Color, silver white, tarnishing brown to nearly black. 

Before Blowpipe, Etc, — On charcoal, fuses to a white metallic 
globule. Soluble in nitric or sulphuric acid, but from these it is 
precipitated as a white curd-like precipitate by hydrochloric acid 
or salt. The precipitate darkens on exposure to light. 

Similar Species. — When tarnished, resembles copper or bis- 
muth, but is distinguished by its silver-white streak from the 
former and by non-volatilization from the latter. 
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Remarks. — Silver may have been formed by the reduction of its ores, as it occur? 
pseudomorphous after them. It is also changed to sulphides by contact with soluble 
sulphides, and into the chloride by salt water. Its a^ociates arc the other silver 
minerals, and galenite, pyrite, stibnite, tetrahedrite, etc. 

The most celebrated mines where native silver is obtained are those of Kongsberg, 
in Norway, and Huantaya, Peru. Occurs also in Northern Mexico, in the Michigan 
copper region, in numerous G)lorado localides, at Butte, Montana ; in Idaho ; Arizona, 
and in smaller quantity in other silver.producing regions. 

AMALGAM. 

Composition. — Ag^Hg, to Ag^Hg. 

General Description.— A brittle, silver- white mineral of bright metallic lustre, 
which occurs in imbedded grains and indistinct isometric crystals. 

Physical Characters. — Opaque, lustre metallic. Color and streak, silver white. 
H., 3 to 3.5. Sp. gr., 13.75 to 14.1. Somewhat brittle and cuts with a peculiar 
grating noise. 

Before Blowpipe, Etc. — On charcoal, partially volatilized, leaving malleable silver. 
In closed tube, yields mercury mirror. Soluble in nitric acid. 

F^G. 485. ARGENTITE.—Silver Glance, 
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Composition. — AggS, (Ag 87.1 per cent). 

General Description. — A soft black mineral, of 
metallic lustre, which cuts like wax and occurs as 
masses, disseminated grains, or incrusting, also as iso- 
metric crystals, the cube, octahedron or dodecahedron 
being most common and frequently grouped in parallel 
Freiberg, Sav. position as in Fig. 485. 

Physical Characters. H., 2 to 2.5. Sp. gr., 7.2 to 7.36. 
Lustre, metallic. Opaque. 

Streak, lead gray. Tenacity, very sectile. 

Color, lead gray to black or blackish gray. 

Before Blowpipe, Etc.^— On charcoal, swells, fuses, yields 
fumes of sulphur dioxide, and finally malleable silver. Soluble 
in nitric acid, with separation of sulphur. 

Similar Species. — Differs from other soft black minerals in 
cutting like wax and in yielding malleable silver on heating. Dif- 
fers from cerargyrite in solubility in nitric acid. 

Remarks — Occurs sparingly with other silver minerals as pure material, but is 
prolj.ihly the compound of silver so frequently included in galenite, sphalerite, etc. 
Large amounts of argentite have been obtained in Nevada, especially from the Cora- 
stock lode and the Austin mines. Also in Arizona. It is a common ore in Mexico, 
Chili, Peru and Bolivia. 

Uses. — It is an ore of silver. 
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STROMEYERITE. 

Composition.— CuAg S,(Ag 53.1. Cu 31.1 per cent. ). 

General Description. — Dark gray metallic masses resembling chalcocite. Rarely 
twinned orthorhombic crystals. 

Physical Characters. — Opaque. Lustre, metallic. Color, dark steel gray. 
Streak, same as color. H., 2.5-3. Sp. gr. 6.2.-6.3. 

Before Blowpipe, Etc. — Reacts for copper, silver and sulphur. 

HESSITE. 

Composition. — (Ag-Au),Te, grading from hessite, Ag,Te (Ag 63 
per cent.) to petzite, in which there is 20 to 25 per cent, of gold. 

General Description. — Fine-grained, gray, massive mineral, 
of metallic lustre. Also coarse granular, and in small, indistinct, 
isometric crystals. 

Physical Characters. H., 2 to 2.5. Sp. Gr., 8.3 to 8.6. 
Lustre, metallic. Opaque. 

Streak, black. Tenacity, slightly sectile. 

Color, between steel gray and lead gray. 

Before Blowpipe, Etc. —On charcoal, fuses to a black globule, 
with white silver points on its surface. If powdered and dropped 
into boiling concentrated sulphuric acid, the acid is colored an 
intense purple. 

PROUSTITE.-^Light Ruby Silver. 

Composition. — AgjAsS,, (Ag 65.4, As 15.2, S 19.4 per cent.). 
Sometimes containing a little antimony. 

General Description. — A scarlet vermilion mineral, either 
translucent or transparent, with a scarlet streak. Usually occurs 
disseminated through the gangue or as a stain or crust. Rarely 
in small hexagonal rr)'^stals. 

Crystallization. — Hexagonal. Class of hcmimor- ^" "*' ^" 
phic ditrigonal pyramid, p. 42. Axis c = 0.804. ^^g- 
486 shows a typical crystal according to Miers. Opti- 
cally — , with very high indices of refraction (y = 2.979 
for red light). 

Physical Characters. H.. 2 to 2.5. Sp. gr., 5.57 to 5.64. 
Lustre, adamantine brilliant. Translucent to transparent. 
Streak, scarlet. Tenacity, brittle. 

Color, scarlet vermilion. 
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Before Blowpipe, Etc, — On charcoal, fuses, yields sulphurous 
and garlic odors and malleable silver. In closed tube, fuses and 
yields slight red sublimate, yellow when cold. Decomposed by 
nitric acid, leaving a white residue. In powder, is turned black by 
potassium hydroxide solution, and partially dissolved on boiling. 
Hydrochloric acid precipitates from this a lemon yellow arsenic 
sulphide. 

Similar Species. — Differs from pyrargyrite in scarlet streak, 
and from cuprite and cinnabar by garlic odor when heated. 

Remarks. — Occurs with other silver minerals, and is mined as an ore of silver. 
Most abundant in the United States at Poor Man's Lode, Idaho ; Austin, Nevada, and 
in Gunnison County, Colorado, at the Ruby silver district ; in laige quantities at 
Guanajuato, Mexico; at Chafiarcillo, Chili, and other South American localities. 
Noted European localities are Andreasberg, Freiberg, and Joachimsthal in the Harz. 

PYRARGYRITE.— Dark Ruby Silver. 

Composition. — AgjSbS,, (Ag 59.9, Sb 22.3, S 17.8 per cent). 
Often with small amounts of arsenic. 

General Description. — A nearly black mineral, which is deep 
red by transmitted light and has a purplish-red streak. Usually 
occurs massive or disseminated, or in thin films, sometimes in 
crystals. 

Crystallization. — Hexagonal. Class of hemi- F*^- ^^7 
morphic ditrigonal pyramid, p. 42. Axis c = 0.789. 
Prismatic crystals, with rhombohedral or scalenohe- 
dral terminations. Frequently twinned. Fig. 487 shows 
typical crystal according to Miers. Optically — with 
very high indices of refraction (;-= 3.084 for red light). 

Physical Characters. H., 2.5. Sp. gr., 5.77 to 5.86. 

Lustre, metallic, adamantine. Translucent to opaque. 

Streak, purplish red. Tenacity, brittle. 

Color, black or nearly so, but purple red by transmitted light* 

Before Blowpipe, Etc — On charcoal, fuses easily, spirts, 
evolves dense white fumes and leaves malleable silver. A white 
sublimate forms. In closed tube, yields black sublimate, red 
when cold. Soluble in nitric acid, with separation of sulphur 
and antimony trioxide. In powder, is turned black by a solution 
of potassium hydroxide, and on boiling it is decomposed ; thesolu- 
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tion deposits an orange precipitate on addition of hydrochloric 
acid. 

Similar Species. — The streak is purplish red differing from the 
scarlet of proustite. The streak and silver reaction distinguish it 
from cuprite, cinnabar and realgar. 

Remarks. — Occars with other silver minerals and with anenic. anenopyrite, leira- 
hedriie, ealeniie, etc. Localities same as for prousCile, with which it ii usuatl]' mm- 

UsES. — It is an important ore of silver. 

STEPHANITE.— Brittle Silver Ore. 

Composition-.— AgjSbS.. (Ag 68.5. Sb 15.2, S 16.3 per cent.). 

General Description". — Fine-grained, iron-black mineral, with 
metallic lustre, often disseminated through the gangue. Some- 
times in short six-sided prismatic crystals. It is soft, but 
brittle. 

Crystallization'. — Orthorhombic. Axes il ; 
^ : (• = 0.629 : I : 0.685. Short prismatic crys- 
tals often twinned in pseudo-hexagonal shapes. 
Unit pyramid p, unit prism ;«. the pinacoids 
and c and the dome /"= 00 ^ ; /i: 2c are th 
commoner forms. Angles mm = 115° 39' ; // 

-126° 7'. 

Physical Characters. H., 2 to 2.5. Sp. gr., 6.2 to 6.3. 
Lustre, metallic. Opaque. 

Streak and Color, black. Tenacity, brittle. 

Before Blowpipe, Etc. — On charcoal, fuses easily, yielding 
white fumes and coat and odor of sulphur dioxide, finally leaves 
malleable silver. Soluble in nitric acid, with residue of sulphur 
and antimony trioxide. With potassium hydroxide, reacts like 
pyrargyrite. 

Similar Species. — It is more brittle than argentite and softer 
than tetrahedrite. 



Remarks.— Occurs with other silver ores. It is of comnmii occurrence in the Ne- 
vada silver mines, and also at Guanajuanto. Meiico,aDdat Cliailarcillo. Chili. Found 
also in the mines of Ida^o and in those of Saxony, Bohemia and Hungary. 




2S4 



DESCRIPTIVE MINERALOGY. 



\>< 



N 



POLVBASITE. 

— (Ag Cu),SbS,, often wnll Miine Sb reiilaced by Ai. 
General DESC'RIMiaN,— A >ort, iron-black mineral. oF mdnllic luitrc, bdl knowa 
in lix-iided tabular prisms, H-ith bevelled cJge». In ihin splinters \\ is cherry red by 
I tranimilled light. Onhorbombic. 

Physical Charactkrs.- Nearly opaque. I.usire meiallie. Color 
f black, H, 1 to 3, Sp. gr., 6 lo 6 1, Briiili;, 

BEFoaE Blownpe, Etc— Fuje-iv;ilh *piriine. r.ivei off odor of garlic »om«i(nt»,. 
but always yields heavy white fume* and odor of utlphur iUo»id«, and leavei malleal " 
button, which in bcadi reacti for copper, or, if dissolved In nilrie acid, will yield 
dnccuknt white precipitate on addition of hydrochloric acid, In closed mlie. fui 
very easily, but yields no sublimate. Sijluble in nitric aciil. 

CERARGYRITE.-Horn Silver. 

Co.yposiTioN. — AgCl, (Ag 75.3 per cent.). 

General Description. — A soft, grayish-green to violet crust 
or coating of the consistency and lustre of horn or wax. Rarely 
in cubic crystals. 

Physical Characters. H., I to 1,5, Sp. gr,, 5 to 5.5. 

Lustre, waxy. re?;inoiis. Translucent. 

Streak, shining white. TENACiry, very scctile. 

Color, pearl gray or greenish, darkens on exposure lo light, 
becoming violet, brown or black. 

Before Blowpipe, Etc. — Fuses very easily, yields acrid fumes 
and a globule of silver. Rubbed on a moistened surface c 
or iron, it swells, blackens and the surface is silvered, and the min- 
eral is reduced to spongy metallic silver. In matrass, with acid 
potassium sulphate, yields a globule, yellow hot, white cold, and' 
made violet or gray by sunlight. Insoluble in acids, soluble in am- 
monia. On coal, with o.\ide of copper, yields azure-blue flame. 

Similar Species. — Bromyrite, ctnboiite and iodyrite are moat 
easily distinguished by tests with acid potassium sulphate, tt 
differs from argenlite in color and insolubility in nitric acid. 

RrmakK'*. — Uccurt usually near the top of veins, ami it probably precipitUed fro 
silver- bearing solutions by chlorides in eurface waters. In ihe I'niled Siatec 'a\ mc 
celebr.iieil localities have been Poor Man's Lode. Horn Silver and certain Idaho min 
Rnit tbc minet al Autiin, Nevada Found also in proportional ly large (|U&ntities 
many of the Mciicin nod Chilian mines. 

Uses. — It is a very important ore of silver. 
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BROMYRITE.— Bromargyritc. 

Composition. —AgBr, (Ag 574 per cent.). 

General Description.— Like cerargyrite, except that the color is bright yellow to 
grass green or olive green. H., 2 to 3. Sp. gr., 5.8 to 6. Usually found in small 
concretions and little altered by exposure. 

Before Blowpipe, Etc. — Like cerargyrite, except that in matrass with acid potas- 
sium sulphate a little bromine vapor is evolved, coloring the fluid salt yellow, and the 
fused bromyrite sinks as a dark red, transparent globule, which, on cooling, becomes 
opaque and deep yellow, and when exposed to sunlight becomes dark green. 

EMBOLITE. 

Composition. — Ag(Cl. Br). Isomorphic mixtures of the chloride and bromide. 

General Description. — Intermediate between cerargyrite and bromyrite. Color, 
green to yellow, darkening on exposure. H., I to 1.5. Sp. gr., 5.31 to 5.81. 

Before Blowpipe, Etc. — The acid potassium sulphate fusion is like that of cerar- 
gyrite or that of bromyrite, as the bromine is small in amount or plentiful. 

lODYRITE.— lodargyrite. 

Composition. — Agl, (Ag 46, 1 54 per cent.). 

General Description. — A yellow or yellowish-green, wax-like mineral, occurring 
massive or in thin flexible scales or in hexagonal crystals. 

Physical Characters. — Translucent Lustre, resinous, wax-like. Color, gray, 
yellow or yellowish green. Streak yellow. H., i. Sp. gr., 5.6 to 5.7. Sectile. 

Before Blowpipe, Etc. — Fuses very easily, spreads out and gives pungent odor. 
In closed tube, fuses and becomes deep orange in color, but cools yellow. With oxide 
of copper, colors flame intense green. In matrass with acid potassium sulphate, yields 
violet va|x>r and deep-red globule, which is yellow when cold and not changed by 
exf>osure to sunlight. 



CHAPTER XXIX. 

GOLD, PLATINUM AND IRIDIUM MINERALS. 

THE GOLD MINERALS. 

The minerals described are : Metcd^ Gold ; Tellurides, Sylva 
iTE, Calaverite, Krennerite. 

Aside from vein and placer deposits of native gold the metal is 
obtained to a very considerable extent from the minerals pyrite, 
arsenopyrite and pyrrhotite, and from other sulphides or tellurides. 
In Colorado, for instance, the gold occurs chiefly in pyrite. In 
1899 there was produced* in the United States 3,506,679 fine 
ounces of gold worth $72,483,055 which was nearly one fourth of 
the world's, production of $313,954,468. About three-fourths of 
the total output was used in coinage and the remainder in the arts. 

A large proportion of the world's gold is found in superficial 
deposits called placers, which are beds of sand, gravel or boulders 
accumulated from the erosion of higher rocks containing gold veins. 
In working shallow placers the dirt is thrown into a wooden trough 
several hundred feet long, through which a stream of water is 
flowing. At the bottom of the trough or '* sluice " are placed 
cross-bars or blocks of wood, or sometimes a pavement of flat 
stones set on edge is constructed. Near the head of the sluice 
mercury is added at a regular rate, and this encountering the gold 
unites with it, and the heavy gold and heavy amalgam are caught 
in the interstices of the wood or stone pavement, while the lighter 
material is washed away. At intervals the stream is stopped, 
the bars or blocks removed and the amalgam collected. By heat- 
ing in a retort the mercury is distilled from the gold. 

Deep placers are sometimes treated by what is called hydraulic 
mining, which differs from the preceding chiefly in the magnitude 
of the work and the fact that the water is used in great volume and 
at heavy pressure, not simply to carry the material down the sluice 
but also to tear down and wash away the placer. Frequently this 
is preceded by driving a tunnel into the bottom of the placer and 
exploding heavy charges of powder to loosen the gravel bank. 

* Engineering and Mining Journal, 1900, p. 2. 
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Gold that is found in place is usually in quartz veins associated 
with sulphides, especially pyrite. It is extracted by finely crush- 
ing the vein rock and collecting the gold by mercury or copper 
plates coated with mercury. The vein material is usually stamped 
in a mortar by blows of several pestles, usually five, raised suc- 
cessively by cams and dropped. Generally water and mercury 
are in the mortar, and as the material becomes sufficiently fine the 
water carries it through a screen over a series of amalgamated 
plates which catch most of the gold. From time to time the 
amalgam is scraped from the plates and collected from the mortar 
and retorted. 

Gold bearing pyrite is usually stamped as described, but the 
residues which still carry some gold are frequently concentrated, 
roasted, and chlorinated, That is. the roasted ore is subjected to 
the action of chlorine and the gold is converted into a chloride, 
soluble in water. The chlorine may be generated by a mixture of 
salt, pyrolusite and sulphuric acid, or by a mixture of sulphuric 
acid and chloride of lime. After dissolving out the chloride of 
gold with water the gold may be precipitated as metal by ferrous 
sulphate or as sulphide by hydrogen sulphide ; in the latter case 
the precipitate is pressed, dried, roasted, and finally fused. 

A more recent method is to submit the finely crushed ore, which 
has previously been roasted, if sulphide or telluride, to a weak so- 
lution of potassium cyanide. With the aid of the oxygen of the 
air. or of some oxidizing agent, the potassium cyanide dissolves 
the gold. The solution is then drawn off into large vats where 
the gold is precipitated by means of zinc turnings or the gold may 
be separated elect rolytically. The method has become of the 
greatest importance and comparatively poor ores and tailings from 
the amalgamation process arc very successfully treated by it. 



GOLD. 

Composition. — Au, usually alloyed 
with Ag, and sometimes Cu, Bi, Rh, 
or Pd. 

General Description. — A soft 
malleable metal with color and streak 
varying from golden yellow to yellow- 
ish white according to the silver con- 
tents. It is found in nuggets, grains, 
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L or scales, usually so disscmin<ite<i as to be apparent only on assay. 
I Rarely in distinct isometric crystals, but more frequently in skeleton 
icrystals or distorted and passing into wire-like, net-like. ancJ den- 
f dritic shapes. Also occurs included in many sulphides, as pyrilc. 

sphalerite, galenite, pyrrhotite, and arsenopyrite. 

Physical Cliaractcrs. H., 2.5 to 3. Sp, gr.. 15.6 to 19.3. 

Lustre, metallic, OPAQin;. 

Stkeak. like color. Tenacitv, malleable. 

Color, golden yellow to ne,ir!y silver white, 

Before Blowpiiie, Ivrc. — On charcoal fuses to a bright yellow 
button insoluble except in aqua regia. Any silver present will sepa- 
rate from the solution as a white curd-like precipitate. If the solu- 
tion is evaporated to a thick syrup and diluted with water and 
heated with stannous chloride it becomes purple, and a purple pre- 
cipitate settles. 

Similar Species. — ■Chalcopyrite, pyrite, and scales of yellow 
mica are mistaken for gold, but differ entirely in specific gravity, 
streak, brittleness, and solubiiit>- in acids. 

Remarks. — Occui^in inliiiil«iin>l ainnum in practically .-ill rocksiiid soil, and evea 
when in paying quantities is coniroonly only revealed by in »Miy. The sulveni action 
or superheated water collectt and redeposiix the gold In mare concentrated state, Qiii. 
ally in quirli veins associated with or contained in pyrilc, arsenopyrite, chaJcopyritt, 
galenite, pyrrhotite, magnelile, hematite, bismuth, tellurium mlnemll, etc. tt is prac-' 
I ically unchangeable, but the nearinc away of the containing rucks and Ac aortinf 
and transportation of the [ragmeni^ with the solution of the solvent portioiM rcinltf ill 
the formation of gold-bearing gravels, river beds, etc. 

The four iBigest gold producing States are California, Colorado, South Dakota and 
Montana, Besides these American localities the mines of Victoria and New South 
Wales, Australia, those on the eastern coast of South Africa, and the Siberian minca 
ate the largest gold producers. Many other countries yield smalli 

Uses. — The chief uses are for coinage and jewelry. 

SYLVAN I TE.-Or«phic Tellurium. 

Composition. — (Au.AgjTe,. Au about 25 per cent, 

Geiveral DESCRiPTiriN,— .\ soft silver-white Or light gray mineral of metallic liulic, 
usually found in Hut pi ate -like inonoclinic crystals, which are joined in branching groupVi 
resembling Hebrew icilets. Also in bladed and granular masses. 

pKYStCAi. Charactbiis.— Opaque. Lustre, metallic. Color, silver white 
gray, inclining to yellow. Streak like color, H., 1 ,5 to a, Sp. gr., 7.9 to 8.3. 

Before Blowi-lpe, Etc. — On charcoal fuses 10 a gray globule, yields a white tublU 
mate which disappean In reducing flame, coloring the Hame green. After long healing A 
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light ydlow bead al metBl h oUatned, wliicli is soluble in aqus regia wiili a curd-like 
while precipitate. In open tube yields a white sublimate which melts to dear trans- 
parent drops. If powdered and dropped into boiling concentrated sulphuric acid Ihc 
■cid is colored intense purple. Soluble in nitric Rcid. 

CALAVERITE. 



Composition. — AuTe, with the gold sometimes partly replaced by Ag. iio\A about 
40 per cent. 

General DESt:RiiTIoN, — A pale yellow, fine grained mineral, wiib metallic lustre. 

Phvsical Chahacters. — Opaque. Lustre, metallic, color, iieel gray to wlvet 
white becoming yellow on beating and perhaps also at times from etposure, Slreolc, 
like color. H., a.5. Sp. gr., 9.04. 

Before Bt^WPII-B, Eti~ Aj for sylvanile eicepi that the button linally obtained is 

bright yellow and nearly pure gold. 

Remarks. — Is the chief gold ore of the Cripple Cteeic, Colo., district. 



KHENI4ERITE. — Is a mineral occurring in orthorbombic crystals and with the same 
compostion as cnJaverite, It may be the same species. 

THE PLATINUM AND IRIDIUM MINERALS. 

The minerals described are Pij\tjxl'm, and Iridosmine. 

Purified platinum is largely used in incandescent lamps, in 
dental practice for attaching artificial teeth to the plate, in labora- 
tory apparatus, in stills for sulphuric acid and to a more limited 
extent in jewelry, in electrical contact points, in photography for 
platinotype prints, in the so-called "oxidizing of silver," and in 
the balance wheels of non-magnetic watches. 

The greater portion of the metal is obtained by washing placer 
deposits in the Ural mountains, and only a little is obtained from 
other localities. Russia produced 158,500 ounces in 1896.* 

Platinum, as it occurs in nature, is always alloyed with iron and 
other metals, from which it must be separated before it possesses 
the peculiar properties which make it valuable. The native min- 
eral is first treated with dilute aqua regia, which dissolves out any 
iron, gold or copper. Then concentrated aqua regia is added to 
the residue, and the platinum and a small amount of iridium are 
brought into solution. After evaporation of the excess of acid, 
ammonium chloride is added, the ammonium-platinic chloride be- 
ing formed and also a small amount of the iridium salt. This 
precipitate, on being heated, leaves the metal, which consists 
almost wholly of platinum, but also carries a small amount of 
iridium. The metals can be further separated, but for many pur- 
poses this alloy is preferable to the pure platinum, 

' .ViHtral InJuslry, 1897, 
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The mineral iridosmine, which occurs only in small grains, a 
used for pointing gold pens, and, by fusion with phosphorus, 
converted into a phosphide of iridium, which is used for pointing^ 
tools and stylographic pens, for draw-plates for gold and silver 
wire and for knife edges in the most delicate balances. 

The phosphide, by heating in a bed of lime, is changed to pui 
iridium, which, alloyed with platinum, is used for the standards 
of weights and measures, 

A process of iridium plating also exists. 

PLATINUM.— Native Platinum. 

Composition. — Pt(Fe), usually with small quantities of Rh, Ir, 
Pd, Os, Cu, and nearly always with Fe even as high as one-sixtk 
of the whole. 

General Description. — A malleable, steel-gray to white metal, 
occurring in small grains and nuggets in alluvial sands. Veiy 
rarely in small cubes. 



H., 4 to 4.5. Sp. gr, 14 to 19. 

Opaque. 

Tenacity, malleable. 

Often magnetic. 
— Infusible and unaffected by fluxes c 
1 aqua regia. 

ilver and not soluble in nitric 



Physical Characters. 

Lustre, metallic. 

Streak, steel gray. 

Color, light steel gray. 

Before Blowpipe, Etc. 
any single acid. Soluble i 

Similar Species. — Heavier than ; 
acid. 

Remarks.— Fou ml in allUTial drposils wiih other refracioiy minerals, as gold, iri<lr 
(i>minc, thromile, comndum, lircon, diamdnd, cic. U laid to occur in syenite «nd to 
suiDCtimeB found included in masaet of chromitc OT of 9er)>ealinc. By for the ]i 
part of ibc pblinum of commerce is oUained from placer deposits in Uie Ui 
muiintftin^i Borneo, Bradl, and the United States of Colombia also produce ami 
Rmounti. It hu been identified in many of the gold regions of the United Stall 
liut only in ^mall quantities, iitd the 4uantity annually produced is Jmigniticaiit. 

IRIDOSMINE. 

CoMltisirioN.— llr.Oij.aomctimci with Rh, I'l, etc. 

(JENEHAL OesCKIfTIoN'. — A tin-white or gray, metallic mineral, very hard anil 
heavy, tod occurring in irreguiai, flattened grains and hexagonal plates. 

riiVsiCAL Characters. — Opaque. Lustre metallic. Color and streak, tin while 
or gray. H,, 6 to 7. Sp. gr., 19.3 to 31. i. Rather brittl 

Before Blowpipe, Etc. — Inruiible, May yield unpleasant, pungent odor. InH>i> 
ultk in acids. 




CHAPTER XXX. 

POTASSIUM, SODIUM AND AMMONIUM MINERALS. 

THE POTASSIUM MINERALS. 

The minerals described are: C/iloridc, Syi.\'ite\ Su/pfiaUs, Aph- 
THiTAUTE, Kaunite, Kainite; Nitrate. Nitre, In addition to 
these, potassium is a constituent of many silicates, among which 
orthoclase is prominent. It is also found in solution in many 
brines. 

The natural potash salts, especially the chlorides, are obtained 
in large amounts from two or three deposits in Germany. The 
present annual output of the syndicate controlling these mines is 
said to be 3.000,000 tons* and it is estimated that at this rate of 
production the beds will last for thirty-three centuries. The nitrate 
is mined in India, and occurs in small amounts elsewhere. Potas- 
sium bromide is extracted from the mother liquor of certain brines. 
The chief important uses are in the form of the nitrate in gunpow- 
der and as the chloride or sulphate in fertilizers. The element is 
cssenb'al to plant growth and is liable to exhaustion in soils. 

SYLVITE. 
Composition.— K CI. (K 52.4 p« cent.). 

Genekal Description.— Col Diless, UHnsparent cubes or while tmuset, which look 
like commoD salt and bave somewhat similar taste. Absoibs moisture and becomes 

Physical Characteks.— Transparent when pure. Lustre, vlircous. Color, color, 
less white, bluish, reddish. Streak, while. H., i. Sp. gr., 1.97 to 1.99. Taste, like 
sail. Geavage in cubes. 

Bepork Blowpipe, Etc— Fuses very readily, coloring flame violet. If added to a 
sail of phosphorus and copper oxide bead, the flame is colored ozune blue. Soluble in 
waiet and acids, 

APHTHITALITE. a 

Composition,- ( K .N a) ^O , . 

Gehbrai. DESCmmoN. — Thin, while, hexagonal pUtes or white crusts and mosses 
on lava or with other potassium and sodium minerals. Not altered by exposure. 

• T/ie Mineral /ni/uslry 1898, p. 553. 
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Physical Characters. — Transparent to opaque. Lustre, vitreous. Color, white 
or bluish to greenish. Streak, white. H., 3 to 3.5. Sp. gr., 2.63 to 2.65. Taste, 
salt and bitter. 

Before Blowpipe, Etc. — Fuses easily and quietly, coloring the flame violet. After 
fusion on coal in reducing flame, the mass will stain bright silver. Soluble in water. 

KALINITE.— Potash Alum. 

Composition.— KA^SOJa + I2H,0, (KjO 9.9, AljO, 10.8, SO3 
33.8, H2O 45.5 per cent). 

General Description. — ^A white efflorescence on argillaceous 
minerals, usually fibrous, or as mealy crusts, or compact. 

Physical Characters. H., 2.5. Sp. gr., 1.75. 

Lustre, vitreous. Transparent or translucent. 

Streak, white. Tenacity, brittle. 

Color, white. Taste, astringent. 

Before Blowpipe, Etc — On heating, becomes liquid, yields 
water, and finally swells to a white, spongy, easily-powdered mass, 
which is infusible, but colors the flame violet. With cobalt solu- 
tion, becomes deep blue on heating. Soluble in water. 

kainite. 

Composition.— MgSO^.KCl --- 3II2O. 

Genkral Description. — White to dark red granular crusts with salty taste, also 
tabular and prismatic monoclinic crj'stals. 

Physical Characters. — Transparent to translucent. Color, white to reddish while, 
and colorless. Lustre, vitreous. Streak, colorless. Taste, salty and astringent. H., 
2.5-3- ^P- gr., 2.05-2.2. 

Before Blowpipe, Etc. — Easily fusible. Colors, flame violet. After fusion od 
charcoal in reducing flame the moistened mass will stain bright silver. Soluble in 
water. 

Remarks. — Occurs in beds of considerable thickness in Germany, with halite, syl- 
vite, and other soluble salts. 



NITRE.— Saltpetre. 

Composition.— KNO3, (K.O 46.5, N2O5 53.5 per cent). 

General Description. — White crusts, needle-like, orthorhom- 
bic crystals and silky tufts, occurring in limestone caverns or as 
incrustations upon the earth's surface or on walls, rocks, etc. Not 
altered by exposure. 
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Ph3rsical Characters. H., 2. Sp. gr., 2.09 to 2.14. 
Lustre, vitreous. Translucent. 

Streak, white. Tenacity, brittle. 

Color, colorless, white, gray. Taste, salty and cooling. 

Before Blowpipe, Etc. — On charcoal fuses easily, deflagrates 
violently like gunpowder, colors the flame violet. Soluble in 
water. 

Remarks. — Formed in certain soils by the action of a ferment, especially after rains. 

Although found in small quantity in many of the so-called alkali lands of our Western 

States, it is not utilized. Deposits in Ceylon and Indja are worked, and refined nitre 

produced, but almost all of the commercial product is made from sodium nitrate and 

potassium chloride. 

THE SODIUM MINERALS. 

The minerals described are : Chloride, Halite ; Sulphates^ 
Thenardite, Glauberite, Mirabilite; Carbonates, Trona, Gay- 
LussiTE ; Nitrate, Soda Nitre, besides which sodium is an impor- 
tant constituent in certain silicates. 

The most important of these minerals are halite, soda-nitre and 
trona. 

Halite is common salt. It occurs in various localities in beds 
varying from a few feet to over three thousand feet in thickness. 
It occurs also in nearly all water, from infinitesimal quantities to 
strong brines, and it occurs as incrustations on high planes in dry 
regions. The salt deposits are mined and the brines are pumped 
up and evaporated by the heat of the sun or by artificial heat. In 
this country 19,025,794 barrels were reported* as produced in 

1899. 

The amount used is enormous ; for instance, over i ,000,000 
tons per year are converted into sodium and chlorine compounds, 
2hief among which are sodium carbonate and bicarbonate, caustic 
soda and bleaching powder. 

Soda Nitre is found in enormous quantities at Tarapaca, Chili ; 
nearly a million tons a year are exported. It is used in the manu- 
facture of nitre for gunpowder, in the production of nitric acid, but 
chiefly for fertilizing purposes.. It is also the source of most of 
:he iodine as the mother liquors after refining may contain twenty 
>er cent, of sodium iodate. 

* Engineering and Mining Journal , I900, p. 2. 
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Trona. — Carbonates of sodium, mixed carbonates, and bicarbo- 
nates occur plentifully in the alkali deserts of the West with sul- 
phates and chlorides. The pools and lakes into which these dis- 
tricts drain contain large amounts of these salts, and by evaporating 
the water to the required degree of concentration, crystals of soda 
are deposited, which are refined by subsequent operations. 

HALITE.— Rock Salt, Common Salt. 

Composition.— NaCl, (Na 60.6 per cent.), usually impure. 

General Description,— Essentially colorless to white and 
vitreous, but from iron is frequently brown to red. It occurs in 
cubic crystals, often with cavernous faces and in masses, with 
cubical cleavage, and also compact granular and coarse fibrous. 
In dry countries it occurs as a fibrous efflorescence. It is liable 
to absorb moisture and becomes damp, especially when containing 
calcium or magnesium chlorides. It is known by its taste. 
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Physical Characters. H., 2.5. Sp. gr., 2.4 to 2.6. 

Lustre, vitreous. Tr.\nslucent to transparent. 

Streak, white. Tenacitv, brittle. 

Color, white, colorless, yellow, brown, deep blue. 
Taste, salt. Cleavage, cubic. 

Before Blowpipe, Etc. — Decrepitates violently, fuses very 
easily and colors the flame yellow and may be volatilized. Easily 
soluble in cold water. 

Similar Species. — The taste distinguishes it from all other 
minerals, 

Rk^iarks. — Miliic occurs with rocks of 3II ages in bed* of great Ihickness. These 
art fiirriKii liy tlit gra.lunl iin.l C(im|ik'tc evaporaiiun of liotiies of watei inlo which the 
.-nit h.i. hci-ii brought in siiijll increments by inflowing -ilream?. Vast lakes and seas 
of salt ".Iter ixist in JillsrL'iil ]i.irts ''f the wurld a-i well ai many sail springs. 

[n.nin.cr.il>le iinmon.e (Ici.osits of salt are known and worked in almost every 
civili;eit counir)'. In Ilic LJnileJ States we have many deposits. Hundreds of squaie 
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miles of central and western New York are underlaid by strata of salt varying from 
a few feet to one or two hundred feet in thickness. Immense amounts of salt are al>o 
produced in the Saginaw district of Michigan. At Petite Anse, La., salt is found of 
such purity and so near the surface that it is simply blasted out and crushed to make 
it ready for the table. The supply seems to be inexhaustible. In the southea^itern 
part of Nevada a large mountain consists mainly of salt. Many other States also 
produce this substance, notably, Kansas, West Virginia, Ohio, and Gilifomia. 

The associates are other minerals produced in the same manner, as gypsum, anhy- 
drite and various soluble chlorides, bromides and sulphates. 

Uses. — Halite is the source of all the salt of commerce and of 
most of the sodium and sodium compounds. It is used to glaze 
pottery, and in many chemical and metallurgical processes. 

THENARDITE. 

Composition.— NajSO^, (Na,0 56.3 per cent.). 

General Description. — White or brownish orthorhombic crystals in salt beds, 
either acute pyramids or short tabular prisms with rough faces. Also massive and as 
an efflorescence or incrustation in alkali lands. 

Physical Characters. — Transparent to translucent. Lustre, vitreous. Color, 
white or brownish. Streak, white. H., 2 to 3. Sp. gr., 2.68 to 2.69. Taste, salt 
and bitter. 

Before Blowpipe, Etc. — On charcoal fuses to a mass which will stain bright silver. 
Colors flame yellow. Soluble in water. 

Fig. 494. Fu;. 495. 





Thenardite. Glauberitc. 

Borax Lake, Cal. liorax Lake, Cal. 



GLAUBERITE. 

Composition.— Na,5504.CaS04, (Na^O 22.3, Ca(.) 20.1, SO, 57.6 per cent.). 

General Description. — Tabular monoclinic crystals of pale yellow, green, «ir 
red color, occurring in beds of rock salt, also in lamellar masses. (Jn long exposure 
it absorbs moisture and falls to }X)wder. 

Physical Characters. — Translucent. Lustre, vitreou^^. Color, colorless, yellow, 
grayer red. Streak, white. H., 2.5 to 3. Sp. gr., 2.7 to 2.85. Taste, bitter ami 
siigbtly salt. 

Before Blowpipe, Etc. — On charcoal decrepitates, whitens, colors flame yellow, 
fuses to a bead, clear hot, opaque cold, which when moistened will stain bright silver. 
Partially soluble in water, falling to powder. 
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MIRABILITE.— Glauber Salt. 

Composition.— Na^SO^ -f ioH,0. (Na,0 19.3, SO, 24.8, H,0 55.9 per cent). 

General Description. — Translucent, white, fibrous crusts or monoclinic crystals, 
closely resembling those of pyroxene in form and angle. On exposure loses water and 
falls to powder. 

Physical Characters. — Transparent to opaque. Lustre, vitreous. Color and 
and streak white. H., 1.5 to 2. Sr. gr., 148. Taste, salty and bitter. 

Before Blowpipe, Etc. — On charcoal fuses, colors the flame yellow and leaves a 
mass which will stain bright silver. In closed tube yields much water. EUisily soluble 
in water, 

SODA NITRE.— Chili Saltpetre. 

Composition. — NaNO,, (NojO 36.5, N2O5 63.5 per cent). 

General Description. — Rather sectile granular masses or crusts 
of white color, occurring in enormous beds and as an efflorescence. 
Rarely found as rhombohedral crystals of the forms of calcite. On 
exposure crumbles to powder. 

Physical Characters. H., 1.5 to 2. Sp. gr., 2.24 to 2.29. 
Lustre, vitreous. Transparent. 

Streak, white. Tenacity, brittle. 

Color, colorless, white or yellowish. Taste, cooling and salty. 

Before Blowpipe, Etc. — On charcoal deflagrates less violently 
than nitre and becomes liquid. Colors the flame yellow. Very 
easily soluble in water. 

Remarks. — It is associated with salt, gypsum, and many soluble salts. There is 
only one producing locality, the celebrated nitrate fields of northern Chili. These fields, 
however, form one of the greatest sources of wealth to that nation. Smaller deposits 
exist in Nevada, New Mexico, and California. Large deposits are reported in the 
United States of Colombia. 

Uses. — It is used in manufacture of nitre and nitric acid in large 
amounts, and also in fertilizers. It frequently contains sodium 
iodate and is the chief source of the iodine of commerce. 

TRONA.— Urao. 

CoMrosiTioN.— NrLjCOa-NallCO, '- 2\\.f)^ (Na,0 41.2, COj 38.9, H^O 19.9.). 

Cknkral DiCMCRirnoN.— Beds and thin cru^t.s of white glistening material, often 
fil)rous and occasionally in monoclinic crystals. It is not altered in dry air. 

rnv>iCAL CiiARACTKRs. — Tran.sliiccnt. Lustre, vitreous, glistening. Color, white, 
gray, yellow i>li. Sircak, white. \\ , 2.5 to 3. Sp. gr., 2.1 1 to 2. 14, Taste, alkaline. 

r.i.iokK Blowi'H'F, Ere. — Fuses easily, colorini; flame yellow. In closed tube 
yields water and carbon dioxide. Easily soluble in water. Effervesces vigorously 
in cold dilute acid^. 
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GAY-LUSStTE. 

CoHPtisiTroN. — N»,CO,.CaCO,.5 H,0. 

General Description.— White monoclinie crysials. Fig, 496. 
found diueminued inbedsof ialt lakes, especially at Soda Lake, 
Nevada, and in Venciueia. 

PhisicalCharacters,— Translucent. Color, while to jellow- 
ish. Lustre, vitreous. Slreak, colorless. Brittle. H., 3-3. Sp. 
gr,, 1.93-1.99. 

Bm-lire Blowi-ipe, Etc.— Fuses easily. 1* patlly soluble in 
water giving alkaline solution. Effervesces in HCl. Yields water 
in closed tube. Gives sodium color in Bunsen burner fiame but 
the ipeciroscope will also show plainly the talcium lints, 

THE AMMONIUM MINERALS. 
The minerals described are: Chloride, Sal Ammoniac ; Sul- 
phalf, Mascagmte. 

The hypothetical compound radical ammonium, has never been 
separated from its compounds. Its occurrence in nature is rare, 
and its minerals while of great theoretical interest do not occur in 
commercial quantities. Its compounds, many of which are of 
great importance in the arts, are obtained by the dry distillation 
of organic matter, and notably of bituminous coal in the process 
of gas manufacture, from coke ovens, from the dry distillation of 
bones and from the gases of blast furnaces using coal as fuel. 

SAL AMMONIAC. /,. 

CoMPOsinoN.— NH.CI, (NH, 33.7, CI 66.3 per cent.). 

Prybica:. CHAkACTERS. — Tramparcnl to translucent. Lustre, vilreom. Color, 
colorltss, while, yellowish. Streak, white. H., 1.5 to 3. Sp, gr., 1.53. Taste, 
pungent, iilt. Cleavage, (larallel to octahedron. 

Before BLowfiPE, Etc.— Sublimes, without fusion, as while fume*. With ioii.i 
or quicklime, give* odor of ammouia. Easily soluble in water. 

Remarks.— Occurs near volcano;*, burning coal-beds and in guano deposits, 
Ani6cttlly, it is a by-proJuct from gis-worts. 

MASCAGNITE. 

CoMKismoN.— (NH,),SO,, ((NHj),0 39.4, Si>, 60 6 per cent.). 

CeKERAL Descr I fTIoN.— Yellowish, mealy incrustatioos on lava or in gunno. 
Rarely in ortborhombic crystals, 

Pmvsical Characters.— Translucent. Lustre, dull or vitreous. Color, lemon- 
yellow, yellowish or gray. Streak, white. H., a to a.5. Sp.gr., 1.76 to 1.77. Taste, 
pungent and bitter. 

Before Blowpjpe, Etc.— Sublimeswiihoulfusinn, With soda or quicklime, yields 
odor of ammonia. Easily soluble in ualer. 

Remarks. — Occurs on lava or guano or near burning coal-beds. It is artificially 
made from the ammoniacal liquors of gas-works, coke-ovens, and blast furnaces and 
to a lest extent it a by product from the manufiicturc of boric acid in Tuscany, 
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BARIUM AND STRONTIUM MINERALS. 
THE BARIUM MINERALS. 

The minerals described are: Sulpliate^ Barite; CarbonaU 
WiTHERiTE, Barytocalcite, and the metal occurs also in a fe 
silicates. 

In the elementary state barium is unimportant It may be pn 
pared by the electrolysis of its chloride. The only importaj 



mineral compound is the sulphate, which is used as an adultera 
in paint. The mineral is crushed coarsely, treated with sulphur 
acid to remove impurities, washed, pulverized and either mixed wi 
white lead or used for giving weight and glaze to paper. Nearl 
30,000 tons were mined in this country in 1892. The carbona 
is used in sugar refining. 

BARITE.— Heavy Spar. 

Composition. — BaSO^, (BaO 65.7, SO3 34.3 per cent), some- 
times with some strontia, silica, clay, etc. 

General Description. — A heavy white or light-colored min- 
eral, vitreous in lustre. It occurs in orthorhombic crystals, whicli 
are frequently united by their broader sides in crested divergent 
groups, and varying insensibly from this to masses made up of 
curved or straight lamellae and cleavable into rhombic plates. T^ 
occurs also granular, fibrous, earthy, stalactitic and nodular. 



Fig. 497. 



Fig. 498. 



Fig. 499. 






Fig. 500. 



Fig. 501. 



Fig. 502. 
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Crystallization. — Orthorhombic. Axes /l:h:c = o.%\^: \ : 

3'4- 

Unit prism m. base c and domes d ^^d\b:c and n = d -.'X' b: 
^c are most common forms. Angles are turn = 101° 37'; 
cd= 127° 17'; 01= 141° 8'. 

Optically + . The axial plane parallel 6 and the acute bisectrix 
normal to a. Axial angle with yellow light 2£= 63° 12. 

Physical Characters. H., 2.5 to 3.5. Sp. gr., 4.3 to 4.6. 
Lustre, vitreous and pearly. Transparent to opaque. 

Streak, white. Tenacity, brittle. 

Color, white or light shades of yellow, brown, red or blue. 
Cleavage, basal and prismatic (101° 37' being prism angle). 

Before Blowpipe, Etc — In forceps, decrepitates and fuses, 
coloring the flame yellowish-green and leaving an alkaline resi- 
due. With soda, on charcoal, gives sulphur reaction. Insoluble 
in acids. 

Similar Species. — Distinguished among non-metallic minerals 
by its high specific gravity, insolubility and green flame. 

Remarks. — Usually found with metallic orea, especially of lend, copper, iron, 
silver, manganese and coball. The imporianl American lacaliiies producing barile 
*re Hot Springs, N. C , Lynthburg, Vn.. and Woshinglon Co., Mo. Tennessee, Con- 
necticut, Kentucky and Illiiiiiis also have eilensjve depasili. Some liorile is alio im- 
ported from abroad. Germany and Ituntjary Iiolh having imporlanl mines. 

UsEa. — The white variety is ground and used as an adulterant 
of white lead and for weighting paper. Colored varieties are 
sometimes used in ornamental slabs, vases, etc. 

WITHERITE. 

Composition. — BaCOj, (BaO 77.7, COj 23.3 per cent,). 

GE^ERAL Description. — Heavy white or gray translucent 
masses of vitreous lustre, sometimes with cavities of indistinct 
crystals or of globular or botryoidal groups. j,-„_ -q. 

Also granular, columnar and in six-sided 
crystals resembling quartz. 

CRreTALLiZATiON. — Orthorliombic. Axes 
i2:S:c = 0.603 : i : 0,730. Cr\-stals always 
repeated twins resembling hexagonal pyra- 
mids with usually horizontal striations or 
deep grooves on the faces. Optically—, 
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Physical Characters. H., 3 to 4. Sp. gr, 4.29 to 4.35. 
Lustre, vitreous. Translucent. 

Streak, white. Tenacitv, brittle. 

Color, white, gray, yellowish. 

Before Blowpipe, Etc— Fuses rather easily, coloring flame 
yellowish-green and becoming alkaline. Soluble in dilute hydri 
chloric acid, with effervescence, and less rapidly soluble in stroc^ 
add. 

Similar Species. — Distinguished by its weight, effervescence 
with acids and green flame. 

K BM Aft KS.— Occurs in veins uiih lead ores or with ores of sil«*r m barile, *nd It 
probably deposited from lolulion in water conlaitiing carbonic add. Wilh<rile U do) 
mined in the United Sla[e«, although small depositt occur neir Lexinglon, Kf., lot 
on Ibe north shore of Lake Superior. The must productive mines >rc >l t'BlIoirfidd 
in England. 

Uses. — As an adulterant of white lead and in refining beet-sugar 
molasses. 

BARYTOCALCITB. 

CoMPOslTIos.— BaCa(CO,)^ (BuO 51. S, CaO 18.9, CO, 29.6 pet ccn[.|. with mica 
of man^nete. 

GCNEHAL DEscRtiTioN. — Occuft nuutive and in utacbed monodimc crrniJ^ tm- 

ally of El yellowish. while color. 

Phvbical CHAftAcmms.— Transluceni. Lntlre, vitreous. Color, white, gny, yel- 
lowish, greenish, SlrenV, while. H,, 4, Sp. gr, 3.64 to 3.66. BHr1«. 

Before Bij3wpipe, Etc. — Fuses with diflieHlty lo a bluiih-jtcen mws; colwiili 
Home yellowish-green. Soluble in dilute acid*, with eflervcsccnce. 

THE STRONTIUM MINERALS. 

The minerals described are ; JiV/Au/.', Chlrstite; CarbonaU, 
Strontianite. 

The strontium minerals arc chiefly of use as precipitants of 
sugar from the molasses residues of the beet sugar industry, and 
in the manufacture of the nitrate for use in red fire of fireworks. 

CELESTITE. 

Composition — SrSO,, (SrO 56.4. SO, 43.6 per cent). 

General Description. — A white translucent mineral, often with 
a faint bluish tinge. Occurs in tabular to prismatic orthorhombie 
cr>-stals, fibrous and cleavable masses, and rarely granular. It 
notably heavy, and has a general resemblance to barite. 
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Crystallization. — Orthorhombic. Axes a\b\c^ 0.779 • ^ • 
I- 280. 

The common forms are the base c, the unit prism m and the 
iornes n and o. The angles are mm = 104° 10'; r« = 140® 35'; 

o «I28°. 



Fig. 504. 



Fig. 505. 




Sicily. 



Lake Erie. 



Optically +. Axial plane b. Acute bisectrix normal to a. 
^>cial angle with yellow light zE^ 88° 38'. 

^Hysical Characters. H., 3 to 3.5. Sp. gr., 3.95 to 3.97. 

Lustre, vitreous or pearly. Transparent, nearly opaque. 

Streak, white. Tenacity, brittle. 

Color, white colorless, pale blue or reddish. 

Cleavage. — Basal and prismatic, yielding rhombic plates in 
^hich the rhomb angles are 104° 10' and 75° 50'. 

Before Blowpipe, Etc. — Fuses easily to a white pearly glass 
^nd colors the flame crimson. Usually decrepitates and becomes 
alkaline. With soda on charcoal gives sulphur reaction. In- 
soluble in acids. 

Similar Species. — Distinguished from barite by its red flame 
and from other minerals by its high specific gravity, insolubility 
and red flame. 

Remarks. — Celestite occurs frequently in cavities in limestone, marl or sandstone oi 
with beds of gypsum or m volcanic regions with sulphur, gypsum, etc. The island of 
Sicily contains the most celebrated deposits of this mineral, and is the chief producing 
locality. In the United States deposits occur on Strontian and N. Bass Island, Lake 
Erie, at Bell's Mills, Pa., at Chaumont Bay, Lockport, and other places in western 
Mew York. In Kansas, Texas, West Virginia and Tennessee, also at Kingston, 
[Tanada. 

Uses. — It is a source of strontium nitrate used to make crimson 
:olor in fireworks. 
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STRONTIANITE. 

Composition. — SrCOg, (SrO 70. i , CO, 29.9 per cent.). 

General Description. — Usually found as yellowish- white 
greenish-white masses made of radiating imperfect needle crysta 
and spear-shaped crystals, very like those of aragonite. Al 
fibrous or granular and only rarely in distinct orthorhombic cry 
tals, sometimes of considerable size. 

Physical Characters. H., 3 to 3.5 Sp. gr., 3.68 to 3.72. 

Lustre, vitreous. Translucent. 

Streak, white. Tenacity, brittle. 

Color, pale yellowish or greenish-white, also green, gray an 
colorless. 

Before Blowpipe, Etc. — In forceps swells, sprouts, colors th^ 
flame crimson, fuses on the edges and becoming alkaline. SolubK 
in cold dilute acids with effervescence. 

Similar Species. — Differs from calcite and aragonite in fusibilitj*'*'! 
higher specific gravity and purer red flame. The flame and effci 
vescence distinguish it from all other minerals. 

Remarks. — Strontianite is found in the United States chiefly in the State of Nei 
York, especially at Schoharie, Muscalonge Lake, Chaumont Bay, Theresa and Qintoi 
Strontianite used in the German beet sugar industry is largely obtained from Wc 
phalia. 



Uses. — It is the chief source of the strontium salts used in fii 
works, and is also converted into the hydroxide and used to pn 
cipitate sugar from molasses as a strontium compound from whici 
crystalline sugar can later be obtained. 




CHAPTER XXXII. 
CALCIUM AND MAGNESIUM MINERALS. 

THE CALCIUM MINERALS. 

The minerals described are : Fluoride, FlL'Okite ; Sulphates, 
Anhydrite, Gvpsum ; Phosphate, Apatite ; Arsenate, Pharm.\co- 
LITE; Carbonates, Aragosite, Calcite, Dolomite, Ankerite ; 
Tungstale, Scheelite ; Titanalc, Perovskite. 

Massive calcite and dolomite, that is limestone and marble, are 
quarried in enormous quantities, the production of limestone ex- 
ceeding in value even that of granite. 

In 1889 there was produced in this country* 3,320,213 cubic 
feet of marble, while of limestone the production was : for build- 
ing, 92,289,896 cu. feet; for furnace flux, 3,894,337 tons; for 
burning, 478,082 tons ; for roads, 46,491,622 cu. feet ; for other 
purposes, 27,228,887 cu. feet; lime in addition to above. 18,474,- 
678 barrels. 

In addition to uses above enumerated must be given lithographic 
stone and limestone used for hydraulic cements. In iSggf 10,- 
048,447 barrels of hydraulic cement were produced in the United 
States, 

Gypsum to the amount of 348,686 tons was mined in this 
country in 1898. of which about three quarters was burned to 
produce plaster of Paris, and the remainder is simply ground and 
used as land plaster or sold in the crude state. . 

Apatite and phosphate rock are used in enormous quantities 
for the manufacture of soluble phosphates for fertilizers. Florida, 
South Carolina and Tennessee produced 1,738,372 long tons of 
phosphate rockj in 1899. The phosphoric acid is rendered 
available for the use of plants by treating the rock with sulphuric 
acid. 

Ftuorite has an increasing use as a flux in melting iron and 

• Miiural jHduttries, inh Census, p. 61. 

t Snginrrring ntid Mining Jmimal, 1900, p. a. 

t EnginftriHg and Alining Jonraal, I90O, p. a. 
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other metallurgical operations. It is also used in producing 
opalescent glass and enamels and in the manufacture of hydro- 
fluoric acid. In iSggg 24,170 tons were mined in the United 
States. 

FLUORITE.— Fluor Spar. 

Composition. — CaF„ (Ca 51.1, F 48.9 per cent). 

General Description. — Usually found in glassy transparent 

cubes or cleavable masses of some decided yellow, green, purple 

or violet color. Less frequently granular or fibrous. Massive 

varieties are often banded in zigzag strips of different colors. 

Fio. 506. Fig. 507. 




Crvstallizatimn. — Isometric. Usually cubes with modifjing 
forms, especially the tetrahcxaliedron r = « ; 2(7 : 00 tr, the dodeca- 
liedron d and the hexoctahcdron I = a : 211 : 417. The cube faces 
are often striated parallel to the edges, givinj^ tlie appearance ofa 
very flat tetrahexahedroii. Rarel\- found in octahedrons, some- 
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limes formed by the grouping of small cubes in parallel positions. 
Penetration twins common, Fig. 240. 

Index of refraction for yellow light (,4339. 
Physical Characters. H., 4. Sp. gr., 3,01 to 3.25, 

LusTRK, vitreous. Tranjsparent to nearly opaque. 

Streak, white. Tenacity, brittle. 

Color, wine-yellow, green, violet, blue, colorless, brown, black. 
Cleavage, octahedral. 
[ Before Blowpipe, Etc. — In closed tube at a low heat becomes 
jphosph ores cent. In forceps fuses to a white opaque glass and 
jbolors the flame red. Soluble in hydrochloric add. Heated with 
pcid potassium sulphate or sulphuric acid, fumes are set free which 
y>rrode glass. 

Similar Species. — Recognized by cleavage and crystals and by 
fre etching test. When cut it may resemble aqua marine, yellow 
topaz, etc., but is distinguished by softness. 

Remahks. — Fluoilte may have been deposited fTom solution in carbonAled waters. 
— it usuall; found in veins as the gangue of metallic ores, especially lead, silver, 
EOppcr, and tin. Sometimes found in beds. Tbis mineral is mined in large ijuantilies 
tt Rosiclare, Illinois. Found in smaller amounts in JelTerson and Boulder counties, 
^lo. ; St McComb and other places in weslem Nev York. In many localities 
hroughout New England, also in New Jersej', Arizona, Virginia, California and other 
Wes. 

Uses. — It is used as a flux in smelting ores ; also in the manu- 
Kiture of opalescent glass, hydrofluoric acid, enamel for cooking 
tensils, and the brighter colored varieties are cut into vases, figures 
imitation gem.s. Used in .small amounts as a constituent of the 
Bith used in the electrolytic production of aluminium. 

ANHYDRITE. 

Composition.— CaSO., (CaO 41.2, SO, 58.8 per cent.). 

General Descriptic;. — Granular, marble-like or sugar-like 
in texture, or as fibrous and lamellar masses of white, gray, bluish 
or reddish color. Cleavage in three directions at right angles. 
Rarely in orthorhombic crystals. 

physical Characters. H., 3 to 3.5. Sp. gr., 2.9 to 2.98. 
Lustre, vitreous or pearly. Translucent to opaque. 

Streak, white. Tenacity, brittle. 

Color, white, gray, bluish, brick-red. Cleavages at right angles. 
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Bbfore Blowpipe^ Etc. — Fuses to a white enamel and colon 
the flame red. With soda yields a sulphur reaction. Soluble 
slowly in adds. 

Similar Species. — Differs from gypsum in being harder and 
not yielding decided test for water. Does not effervesce in acids 
like marble. Cleavage pseudo-cubic. 

Remarks.— Aahydrite ocean with rock sail, limestone, or with gypsum, (mm 
which it may have been formed by heat It clianges to gypsum by hydration, often 
with swelling or efflorescence. The chief American locality is at Hilltboro, N(» 
Brunswick. Also abundant in Nova Scotia. Found in smaller quantity at Lockpoit, 
N. v., in eastern Pennsylvania and in Tennessee. 

Uses. — A siliceous variety is cut and polished for ornamental 
work. Its tendency to swell prevents its use in building. 

GYPSUM.— Selenite, Alabaster. 

Composition.— CaSO^ + 2 HA (CaO 32.5, H,0 20.9, SOg 46.6 
per cent). 

General Description. — Soft colorless white or slightly tinted 
masses, which may be granular or compact, or may be translucer.t 
and silky, fibrous or transparent and cleavable into plates and strips. 
Also in transparent cleavable monoclinic crystals. 




Ckv.stat.lization. — Monoclinic. ;?= 80° 42'. Axesfl:^:i" 
= 0.690: 1 ;o.4i2. 

Frequently combination of negative unit pyramid/, unit prism 
m and clino pinacoid /', Fi^. 512, or these twinned. Fig. 513, or 
with dome r = ii : M /': jji', Figs. 511 and 514. Ang]es"»« = 
111° 30'; />/= 143° 48' ',cr= 168° 31'. 
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Optically +. Axial plane at ordinary temperature b, but with 
higher temperatures the axial angle diminishes and the axes pass 
into a plane at right angles to b, the axes for red light so passing 
at about 120" C, those for yellow ^^'^- 5'5- 

light at about 135° C, and the 
others each at a definite temperature. 
Physical Characters. H., 1.5 to 

2. Sp. gr.. 2.31 to 2.33. 

Lustre, pearly, silky, vitreous. 

Streak, white. 

Color, white, colorless, gray, 
red, yellow, brown. 

Tkansparent to opaque. 

Tenacity, brittle, lamina flexible. 

Cleavage easy parallel to clino KlKwonb, Ohio 

pinacoid and positive unit ortho 

dome. The cleavage fragments are rhombic plates with angles 
66° and 1 14°, Other less prominent cleavages also exist. 

Before Blowpipe, Etc. — When heated quickly becomes white 
and opaque and fuses to an alkaline globule, coloring the flame 
yellowish-red. In closed tube yields water. Soluble in hydro- 
chloric acid. The powdered dehydrated mineral when mixed with 
water will form a compact mass. Gives sulphur reaction. 

Varieties. ' 

SeleniU. — Crystals or transparent cleavable masses. 

Satin Spar. — Fine translucent fibrous varieties with sheen of 
silk. 

Alabaster. — Compact and fine grained, suitable for carving. 

Rock Gypsum. — Scaly, granular or dull colored and compact. 

Similar Species. — Talc, brucite, mica, calcite, heulandite, stil- 
bite. It is softer than all but talc, lacks the greasy feeling of talc 
and is further characterized by quiet solubility, cleavages and 
calcium flame. 



Remarks .^-Gj-pium occurs in large beds with limestones, marU, and cisys, and in 
volcanic regions with sulphur, II a frequenUy (ormed by the action of the sulphuric 
acid from decomposing sulphides, upon calcareaus minerals. It is also formed by the 
dcliydntioo of anhydrite, by ihe evaporallon of lakes and seas and by the action, in 
volcanic regions, of sulphurous vapors on limestone, 
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Th« largest producing locality in [he United States b in the region of AUbiaer, 
Michigan. Other producing localities are Ottawa coonty, Ohio, Smith and Wash- 
ington counties, Virginia, Webster county, Iowa, and many places in central and 
western New York. Deposits of gypsum in quantity arc also known at Scottsboio, 
Ala., Calcasien, La., Royston's BlufT, Ark. Also in Texas, Colorado, Kansas, Mon- 
tana, Utah and most of the other States and Territories. Large quaatllies ten annn- 
ally imported from New Brunswick and Nova Scotia. Celebrated deposits also occai 
in Spain and Sicily. 

Uses.— When burned and ground it is called plaster-of-Paris. 
In this state if mixed with water, it becomes hard and sets, is used 
for the production of casts, moulds, cements, washes and the hard 
finish on inside walls of houses. 

Land plaster is ground gypsum, and is used on soils. Minor 
uses are: Satin spar for cheap jewelry, selenite in optical work and 
alabaster in carving. 

APATITE. — Asparagus Stone. Phosphate Rock. 

Composition.— Ca,{CI.F)CPO.),. 

General Description, — Large and small hexagonal prisms, 
usually of green or red color, but sometimes violet, white or yellow. 
Also in compact varieties which are commonly dull-gray or 
white, rock-like masses or nodules not unlike common limestone. 




Crystallization. — Hexagonal. Class 3° order pyramid, p. 37. 
Axis c = 0.73 5. Usually the unit prism m terminated by the unit 
pyramid p with or without the base c. More rarely the second 
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order prism a or the low pyramid o ^ a:(Xi a:a: y^c and occasion- 
ally third order pyramids as / = |^^ : 4^ : ^ : |^r, Fig. 521. 

Angles are : // = 142° 16' ; rr = 157° 29' ; cp = 139° 42' ; 
r/-== 157° i'- 

Optically — , with low refraction and weak double refraction. 

Physical Characters. H., 4.5 to 5. Sp. gr., 3.17 to 3.23. 
Lustre, vitreous to resinous. Transparent to opaque. 

Streak, white. Tenacity, brittie. 

Color, green, red, brown, yellow, violet, white, colorless. 
Cleavage, imperfect basal and prismatic. 

Before Blowpipe, Etc. — Fuses with difficulty on sharp edges 
and colors the flame yellowish-red, or, if moistened with concen- 
trated sulphuric acid, colors the flame momentarily bluish-green. 
Easily soluble in hydrochloric acid. 

If to ammonium molybdate in nitric acid solution a few drops 
of a nitric acid solution of apatite be added, a bright-yellow pre- 
cipitate will be thrown down on heating. In the chlorine variety 
silver nitrate will produce a curdy white precipitate in the nitric 
acid solution. 

Varieties. — Certain mineral deposits are essentially of the same 
composition as crystalline apatite. 

Phosphorite. — Concretionary masses, with fibrous or scaly struc- 
ture. H =s 4.5. 

Osteolite. — Compact, earthy, impure material, of white or gray 
color. H., I to 2. 

Phosphate Rock or Nodules, — The former in place of original 
deposition, the latter chiefly in river beds. Massive, gray, white, 
brown or black. H., 2 to 5. 

Guano. — Granular to sponge-like and compact material, of gray 
to brown colon Sometimes with lamellar structure. 

Similar Species. — Green crystals, differ from beryl in lustre, 
hardness and solubility. Red crystals differ from willemite in 
not gelatinizing or yielding zinc. 

Remarks. — Occurs in granites, limestones, tin veins, beds of iron ore, etc., fre- 
quently as inclusions in other minerals, and is of both igneous and secondary origin. 
The most productive American localities for the pure mineral are in Ontario and 
Quebec, Canada; Ottawa County, Quebec, having several productive mines. Other 
deposits, but smaller in extent, occur at Bolton, Mass. ; Crown Point, N. Y., and 
Hordstown, N. J. Immense deposits of the phosphate rock, so largely used in fer- 
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tilizers, occur in eastern South Carolina aad in Florida; in the lattei cue ucdcrl)'!^ 
■ wide belt of country and extending through several counties in the central pn of 



Uses. — The massive varieties and some crystalliae deposits fur- 
nish most of the phosphates for fertih'zers. It is converted into 
soluble phosphates by treatment with sulphuric acid, in which 
state it is available as plant food. Apatite is also used in the 
manufacture of phosphorus. 



PHARMACOUTB. 



,-W' 



Composition.— CaHAsO,.sH,0, (CaO 15.9, As,0, 53.3, H,0 ao.8 per cent.). 

Gbnekal Description.— While or pink silky fibres or powder, and rarelj smiU 
■sonoclinic crystals. 

Physical Characters.— Translucent lo opaqae. Lustre, silky, dull. Colo'i 
white or tinged red by erythrite. Streak, white. H., z to 3.5. Sp. gr., 3.64 to 1.73. 

Before BLowpirE, Etc. — Fuses to a while or bluish euamel and colors the flame 
tight blue. On charcoal, yields garlic odor. In closed tube, yields water. Easily 
soluble in acids. 

Remarks.— Occurs with arsenical ores, especially sroaltile, aisenopyriie »Dd 
proustite. 

ARAGONITE.— Flos Ferri. 
COMPO.SITION. — CaCOj, (CaO 56.0, CO, 44.0 per cent.). 
General Description, — This form of calcium carbonate is 
found in orthorhombic crystals, which are frequently pseudo- 
hexagonal from twinning, and as groups of acutely terminated 
needle crystals, which grade into fine fibres. It also occurs stal- 
actitic, incrusting and in pure white groups of interlacing, coral- 
like stems. The prevailing tint is white, but is occasionally violel 
or pale green. 

Fic:. 5^2. Fii;. 533. Kir,. 524, Fm. 525. 



/^ 



o 



u 



CK\>TALLrz.\Tiox. — Orthofhombic. Axes i%\b\c = 0.622 : 1 '■ 
3.721. Occasionally simple crystals, Fig. 522, with acute domes 
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and pyramids such as c = oo d : ^ : 6t- and 
J ^ J il : ^ ; 6f . These grade into needle-like 
forms, Fig. 526. More frequently twinned, 
with twin plane m. giving prisms with pseudo- 
hexagonal cross sections. Fig. 524 and 535. 
Angles are: mm = 116° iz'; dd = 108° 
27'; Tf = 49° 39'. 

Optically — . Axial plane a. Acute bi- 
sectrix normal to c Axial angle for yellow 

light. 2E = 30° 54'. Cumberli 

Physical Characters. H., 3.5 to 4. Sp. gr., 2.93 to 2.95. 

Lustre, vitreous. Translucent or transparent 

Streak, white. Tenacity, brittle. 

Color, white, violet, yellow, pale green. 

Cleavage. — Parallel to brachy pinacoid, prism, and brachy dome. 

Before Blowpipe, Etc, — Infusible, colors flame red. In closed 
tube decrepitates, loses weight and falls to pieces. With hydro- 
chloric acid, dissolves with rapid effervescence. 

Similar Species. — Needle crystals differ from those of natro- 
iite in the terminations. Strontianite and witherite have higher 
specific gravity and are fusible. Calcite differs in form and 
cleaves in three directions with equal ease yielding diedral angles 
of JOS° s', whereas aragonite cleaves: i. Easily parallel to the 
brachy pinacoid, yielding plates. 2. Indistinctly parallel to prism, 
yielding angle of 116° 12'. 3. Very indistinctly parallel to a 
brachy dome. 

Remarks. — Aiagoniie U largely deposited from carboiuited water solution princi- 
pdJy in rock cavities and mineral veins. It is foand with gypsam and in beds of 
*rpcnline and with iron ores as flos feiri, the caraloidal vanely. 

It can lie changed inlo calcite by beat, and the difference between it und calcite is 
■opposed ta be that the calcite is deposited from cold solution and aragonite fiom hot 
solnlion. It is not of common occurrence, but ti found at Sulphur Creek and Colton, 
Caliromia, alsq In Solano Cuunly. Cal. ; in Lockpoit and Edenville, N. Y.; 
son County. N. V. ; Ha'Jdam, Cl, : Warsaw. III., etc 



I 






CALCITE.- 



— Calcspar, Limestone, Marble, Iceland 

Spar, Etc. 

toMPOSiTlON. — CaCOj, (CaO 56.0, CO, 44.0 per cent.). 

"Ge>"eral Description. — Yellowish white to white or colorles 

more or less transparent crystals, usually rhombohedrons or sca- 

lenohedrons. Massive with easy cleavage or coarse to fine- 
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grained, stalactitic, and occasionally fibrous, lamellar or pulvea 
lent. 

Fig. 5*7- F'c. 5*8. Fig. 5*9. 




Ckvstallization. — Hexagonal. Scalenohedral class, p. 
Axis c = 0.854. 



> 



'f ^^ \ ^ >^- ' 
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Occurs in several hundred forms, of which the most common are 
the rhombohedra : /, the unit ; S ^ a\^ a\a\\c\ /= a\^ a\ 
a:2c\q =i a:co a :a\ i6c ; the scalenohedron : z/ = |rt : 3^ : ^^ : y, 
and the unit prism. Twins are frequent by several laws, see p. 68. 
Important angles are // = 105° s' ; ^^ = 134° 57'; ^= 78° 
51'; ^^ = 60° 36'. The polar edges zn; are 104° 38' and 
144° 24'. 

Optically — . With very strong double refraction, but weak re- 
fraction (a = 1.486 ; r = I -65 8 for yellow light). 

Physical Characters. H., 3. Sp. gr., 2.71 to 2.72. 

Lustre, vitreous to dull. Transparent to opaque. 

Streak, white. Tenacity, brittle. 

Color, yellow, white, colorless, or pale shades of red, green, 
blue, etc. 

Cleavage, parallel to the rhombohedron, therefore yielding di- 
cdral angles of 105° 5' and 74^ 55'. 

Before Blowpipe, Etc. — Infusible. Becomes opaque and alka- 
line and colors flame red. Soluble readily in cold dilute acids, 
with vigorous effervescence. 

Varieties. — ^The following are the most prominent varieties : 

Iceland Spar, — Colorless, transparent crystals and masses. 

Dog Tooth Spar. — Scalenohedral crystals, supposed to resemble 
canine teeth in shape. 

Fontainebleau Sandstone, — Crystals containing up to 60 per cent, 
of sand. 

Satin Spar. — Fibrous, with silky lustre. 

Argentine, — Foliated, pearly masses. 

Marble. — Coarse to fine granular masses, crystalline. 

Limestone. — Dull, compact material, not composed of crystalline 
grains. 

Chalk. — Soft, dull-white, earthy masses. 

Calcareous Marl. — Soft, earthy and intermixed with clay. 

Stalactites. — Icicie-Iike cylinders and cones, formed by partial 
Evaporation of dripping water. 

Stalagmite. — ^The material forming under the drip on the floor 
^f the cavern. 

Travertine^ Onyx. — Deposits from springs or rivers, in banded 
^yers. 

Other names, such as Hydraulic Limestone, Lithographic Lime- 
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stone^ Rock Mealy Plumbocalcitey Spartaite, etc., are of minor im- 
portance, and are chiefly based on color, use, locality, etc., and 
do not generally indicate important structural or chemical dif- 
ferences. 

Similar Species. — The distinctions from aragonite have been 
given under that mineral. Dolomite differs in slow partial solu- 
tion in cold dilute acids, instead of rapid and complete efferves- 
cence. 

Remarks. — Calcite is very widely distributed. It is derived, in great part, from 
fossil remains, shells, corals, etc, but also, in considerable part, by the decomposition 
of calcium silicates by hot carbonated waters, and possibly, in a degree, by the action 
of heat on aragonite. The carbonated waters deposit aragonite or calcite, according 
to the temperature of the solution. In the production of marble Vermont is far ahead 
of any other State, and the centre of the industry is situated at Rutland. Georgia 
and Tennessee also produce large quantities, especially of a beautiful, coarse, granu- 
lar structure. Alabama, California, New York, Pennsylvania and Massachusetts also 
have large deposits, some of which are worked. Crystallized calcite occurs through- 
out the world in all limestone regions. In the United States these localities are innu- 
merable and transparent varieties are common. Rossie, N. Y.; Warsaw, 111., and 
Llano and Lampasas Counties, Texas, may be especially noteworthy. Fine stalactites 
occur in the caves of Virginia, Kentucky and New York. Deposits from thermal 
springs are common in the Yellowstone Park, and similar deposits occurring in San 
Luis Obispo County, California, are cut and polished, yielding slabs of onyx marble 
of extreme beauty. 

Uses. — Limestone and marble are important building stones, 
and the latter is also used for .statuary, ornaments, interior work, 
tombstones, etc. Limestone, again, is used for making quicklime 
and as a flux in smelting siliceous ore, in glass-making, in many 
chemical processes, in hydraulic cement, as a lithographic stone 
etc. Iceland spar is used in optical apparatus for polarizing light 

DOLOMITE.— Pearl Spar, Magnesian Limestone. 

Composition. — (Ca.Mg)CO.j often contains iron or manganese. 

General Description. — Small, white, pink or yellow, rhombo- 
hcdral crystals, usually with curved faces, or more frequently 
white, massive marble, with coarse to fine grain ; or gray, white and 
bluish, compact limestone. 

Crystallization. — Hexagonal, class of third order rhombohc- 

dron, p. 46. Axis t-= 0.832. Usually the unit rhombohedron 

/>, Fig. 540. Sometimes the more acute rhombohedron r ^ a : 

yo a : a : 4c. Important angles arc />/> = 106° 15'; rr = 66°, 7'. 

Optically — , with even stronger double refraction than calcite. 
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Fic. 540. Fi'=- 541. F'G- 54'. 




Physical Characters. H., 3.5 to 4. Sp. gr, a.S to 2.9. 
Lustre, vitreous or pearly. Translucent to opaque. 

Streak, white. Tenacitv, brittle. 

Color, white, pink, greenish-gray, brown or black. 
Cleavage. Rhombohedral. Angles, 106° 15' and 73° 45'. 

Before Klowpjpe, Etc. — Infusible, colors flame yellowish-red 
and becomes alkaline. With cobalt solution, becomes pink. 
Fragmcnls are very slightly attacked by cold dJlirte acid. The 
powdered mineral is .sometimes attacked vigorously by cold dilute 
acid, but sometimes is not. On heating there is a vigorous effer- 
vescence. 

Similar Species. — Differs from calcite in effervescence, color 
with cobalt solution and frequent curvature of rhombohedral 
planes. It differs from siderite and ankerite in not becoming 
magnetic on heating. 



Rem ABKS.— Dolomite is rrequentty the chief conslUuent of whole mountain ranges 
and may have formed; i. From n uiluljon ol ihc mixed cartxMtslci of cakium and 
magnesium in carlionnled waters. 3. From cilcile by inlillration of walerj contain- 
ing magnesium carbonate. 3. By solution of pan of calcium carbotiate of a mag. 
ncijati limestone in preference lo the less soluble magnesium carbonate, thus increas- 
ing the proportion of the laLler. Many of the marbles of Vermont, Georgia and 
Tennessee contain magnesium, and frequently enough to be classed under dolomite. 
Crystals are common in many localilieit, especially in ihe zinc region of Missouri, in 
many places in the limestone region of Western New York, in the goi^e at Niagara, 
al Gien Falls and Brewslers, N. Y., si Stony Point, N. C. ; Roibury, Vi., and else- 

Uses. — ^The same as for calcite. The dolomite limestone and 
marble are less soluble than the calcite varieties, and are to that 
extent, preferable for construction. It is also used for making 



epsom 



salts. 
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ANKERITE. 

Composition. — (Ca.Mg.Fe)COj sometimes containing manganese. 

General Description. — Gray to brown rhombohedral crystals like those of siderite, 
also cleavable and granular masses and compact. 

Physical Characters. — Translucent to opaque. Lustre, vitreous to pearly. Color, 
gray, yellow or brown. Streak, white or nearly so. H.,,3.5t0 4. Sp. gr., 2.95 to 3.1. 
Brittle. Cleavage, rhombohedral. R A ^=106® 12'. 

Before Blowpipe, Etc. — Infusible, darkens and becomes magnetic. Soluble in 
acids with effervescence. 

SCHEELITE. 

Composition. — CaWO^, (CaO 19.4, WO3 80.6 per cent), some- 
times with replacement by molybdenum. 

Genebial Description. — Heavy brownish white or white masses 
and square pyramids. Also drusy crusts of yellow or brovra 
crystals. 

Fig. 543. Fig. 544. Fig. 545. 






Schlackenwald. 



Trumbull, Conn. 



Crystallization. — Tetragonal. Class of third order pyram 
p. 29. Axis r = 1.536. 

The unit first order pyramid / and second order d are m 
common with sometimes a modifying third order pyramid, x 
a: I a\ I c. Angles are// = 100° 5' ; cc = 107° 20'. 

Optically +. 
Physical Characters. H., 4.5 to 5. Sp. gr., 5.4 to 6.1. 

Lustre, adamantine. Transparent to opaque. 

Streak, white. Tenacity, brittle. 

Color, pale yellow, gray, brown, white or green. 

Cleavage, distinct parallel to first order pyramid, indisti 
parallel to second order pyramid. 

Before Blowpipe, Etc. — Fusible with difficulty on sharp edg< 
In salt of phosphorus forms a clear bead which in the reduci 
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becomes deep blue, and if the bead is powdered and dis- 
solved in dilute hydrochloric acid it yields a deep blue solution, 
especially on addition of metallic tin, Scheelite is soluble in hy- 
drochloric or nitric acid, leaving a yellow residue. 

Similar Species. — Distinguished among non-metallic minerals 
by its weight and behavior in salt of phosphorus. 

Remarks, — Scheelile oceuri in eiystalline rocks, and usually with cawiterite, wolf. 
nmile, topaz, fluorite, molybdenite, and in tjUBrlz. It changes into wolframite, and 
kUo form! from wolframite. The mineral is by no means common, but is found at 
Monroe and Trumbull. Conn. ; Flows mine, S. C, in Nevada, Id.iho, and Colorado, 
Also in large crystils at Marlow, Quebec. 

Uses, — Scheelite is used as a source of tungsten, which has im- 
portant properties when used in the manufacture of ferro-tungsten 
and tungsten steel. Other applications are in the manufacture of 
tungstic acid, from which a yellow pigment is obtained, and tungs- 
tate of soda, wiiich renders fabrics almost incombustible. 
' ( 
PEROVSKITE. . K'--' 

Composition.— CaTJti,. 

UtSEKAL Description.— Light yellow to black cubic crystals and kidney-shaped 
masses. Also »s a rock constituent in microscopic octahedral crystals. 

Physical Chasactehs. — Color, yellow, brown and black. Lustre, adamantine. 
Streak, grayish. Brittle. H,, 5.5. Sp, gr., 4.1. Trnnsparenl to opaque. 

Before Bluwpipf., Etc,— Infusible. Gives titanium reactions in S. Ph. Decom- 
posed by bol sulphuric acid. Insoluble in hydrochloric acid. 

Remarks— Found in Bcrpculine al Syracuse, N. V., in clilorite slate al Achmu- 
tovsk Urals and in (alcose schist in Zermall, TjtoI. 

THE MAGNESIUM MINERALS. 
s described are : HydroxidK, Brucite ; Sulphate, 



The 



Epsomite; Car^tfn(?/c, Magnesite ; A/u im iiti f <; Spikel. Magnesia 
is also the principal base in several important silicates and occurs 
in many others, and in the carbonate dolomite. 

The carbonate, magnesite, is not rare, over 30,000 tons being 
produced annually and the hydroxide and sulphate also occur in 
considerable quantities. 

Magnesite is used as a lining for the converters in the basic pro- 
cesses for steel, and for other purposes where a very refractory 
material is desired. It is the favorite source of carbon dioxide in 
seltzer and soda water manufacture, as the treatment with sulphuric 
acid leaves a soluble residue of crude epsom salts which can be re- 
covered. It is also used in the manufacture of certain kinds of 
wood-pulp paper. 
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The metal magnesium prepared by the electrolysis of the double 
chloride of potassium and magnesium, and purified by distillation 
out of contact with air, is now made in some quantity in the shape 
of ribbon and as coarse grains. It is used in flash lights to pro- 
duce a vivid light for photographing in absence of sunlight, as a 
reducing agent in the preparation of some of the rarer elements, ais 
a purifying agent to remove the last traces of oxygen from copper, 
nickel and steel and as a dehydrating agent for certain oils and foi 
alcohol. The metal is steadily increasing in commercial impor- 
tance. 

BRUCITE. 

Composition. — Mg(0H)2, (MgO 69.0, HgO 31.0 per cent). 

General Description. — White or gray translucent foliat^c 
masses with pearly or wax-like lustre. Also fibrous and in tabul^^r 
hexagonal crystals. 

Physical Characters. H., 2.5. Sp. gr., 2.38 to 2.4. 

Lustre, pearly or wax-like. Translucent. 

Streak, white. Tenacity, sectile and flexible. 

Color, white, bluish, greenish. Cleavage, basal. 

Before Blowpipe, Etc. — Infusible, becomes alkaline, and with 
cobalt solution becomes pink. Yields water in closed tube. Solu- 
ble in hydrochloric acid. 

Similar Species. — Harder and more soluble than foliated talc 
or gypsum, and quite infusible. 

Remarks. — Brucite is usually found in serpentine or limestone with magnesite or 
hydromagnesite. On exposure it becomes coated with a white powder, and is some 
times changed to serpentine or hydromagnesite. Its most prominent American locality 
is at Texas, Pa., also at Fritz Island in the same State; at Brewsters, N. Y.. and 
Hoboken, N. J. 

EPSOMITE.— Epsom Salt. 

Composition.— MgSO^ 4- 7 Kp, (MgO 16.3, SO332.5, H,0 51.2 per cent.). 

General Description. — A delicate white fibrous efflorescence Fig. 546. 

or earthy white crust with a characteristic bitter taste. Also com- 
mon in solution in mineral water. Occasionally in needle crystals, 
which are especially noticeable as representing the sphenoidal class 
of symmetry in the orthorhombic system. Optically. — , 

Phvsical Characters. — Transparent or translucent. Lustre, 
vitreous or dull. Color and streak, white. H., 2 to 2.5. Sp. gr. , 
1.75. Taste, bitter and salt. 

Before Blowpipe, Etc. — Fuses at first, but beomes infusible 
after the water of crj'stallization has been driven ofi*. With co- 
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ball iolutioQ becomes pink. In closed Inbe yields acid water. Eaiiilv ^olubk- in 

Remakks. — Epsomitc i& fonaed by action of the sulphuric acid or decoiupoiine 
salphidu, upon aucb magnesian minerals as serpentine and magnesilc. 

MAGNESITE. 

Composition. — MgCOj, (MgO 47.6, CO, 52.4 per cent), with 
sometimes iron or mangaaese replacing part of the magnesium. 

General Description. — White cha!k-like lumps and veins in 
serpentine. Rarely fibrous or in rhombohedral crystals closely 
agreeing with dolomite in form and angle. 1^;= 0.811, R /\ R 
= 107° 24'- 

Physical Characters. H., 3.5 to 4.5. Sp. gr., 3 to 3.12. 

Lustre, dull, vitreous or silky. Opaque to translucent. 

Streak, white. TENAciry, brittle. 

Color, white, yellow, brown. Fracture, conchoida!. 

Before Blowpipe, Etc. — Infusible, becomes alkaline. With 
cobalt solution becomes pink. Soluble with effervescence Jn 
warm hydrochloric acid, but does not effervesce in cold dilute 
acid, No decided precipitate is produced by addition of sulphuric 
acid, whereas heavy precipitates form with solutions of calcite and 
dolomite. 

Similar Species. — Differs from dolomite and calcite in not 
yielding the calcium flame. 

Remarks. — Usually formed with seipentiiic by action oF carbonated wateis on 
enipdve magnesian roclcs, such as olivine (cbrysolice). or when the decomposition U 
carried further the results are magnesite and quartl. As the former is the more 
common decomposition, m:^nesite usually occurs with serpentirie anA bIh> with 
other magnesian minerala, such as talc, brucite, dolomite, etc. 

Found at Bolton and Sutlon, Province of Quebec, at Te"a5, Pa.., BarehiU. Md., and 
at several localities in California and Massac hu^elts. 

Uses. — It is used in the lining of converters in the basic process 
for steel, and for lining kilns in the manufacture of sulphuric acid 
and for other purposes where a non-conducting and refractory 
material is required. It also is used in obtaining carbon dioxide 
for soda water, the residue being converted into epsom salts. 
Epsom salts, magnesia, and magnesia alba are also made from 
Biagnesite. 

SPINEL.—Balas Ruby. 

Composition. — Mg^AlOj.. (MgO 28.2, AUO, 71.8 per cent.). 
ron, manganese and chromium are sometimes found. 
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General Description. — ^Usually in octahedral crystals, simpl c 
or twinned, which cannot be scratched by steel or quartz and vary 
in color according to composition. Also in rolled pebbles and 
loose crystals. 

Crystallization. — Isometric, the octahedron/ or this modi- 
fied by the dodecahedron d or the trisoctahedron o ^ a: ^a: 3^7. 
Index of refraction with yellow light 1.7 15 5. 

Fig. 547. Fig. 548. Fig. 549. 






Physical Characters. H., 8. Sp. gr., 3.5 to 4.5. 
Lustre, vitreous. Transparent to opaque. 

Streak, white. Tenacity, brittle. 

Color, red, green, blue, black, brown, yellow. 

Cleavage, octahedral. 

Before Blowpipe, Etc. — Infusible, often changing color, the 
red variety becomes green, then nearly colorless, finally red. In 
powder is turned blue by cobalt solution. Insoluble in hydro- 
chloric or nitric acid, but somewhat soluble in sulphuric acid. 

Varieties. — 

Balas Ruby or Ruby Spinel (Magnesia Spinel). — Clear red or 
reddish, often transparent. Sp. gr., 3.5 to 3.6. 

Ceylonite (Iron Magnesia Spinel). — Dark-green, brown, black, 
usually opaque. 

Picotite (Chrome Spinel). — Yellowish to greenish-brown, trans- 
lucent. 

Similar Species. — Characterized by octahedral crystals and by 
hardness. 

Remarks. — Occurs in limestone, serpentine, gneiss, etc., associated with corundum, 
chondrodite, brucite, etc , and sometimes changed to talc, muscovite or serpentine. 
Gem specimens have been obtained at Hamburg, N. J.; San Luis Obisp>o, Cal. and 
Orange County, N. V. The cr\'stals also occur in many localities in North Carolina, 
Massachusetts and near the New York and New Jersey line. Especially abundant in 
Ceylon and Burmah. 

Uses. — Transparent varieties are used as gems. 




The minerals described are : Fluorid-:, Ckyolite ; Oxides aitd 
Hydroxides. Corundum, BAUXiTE. Diaspore, Gibbsite; Sulphates, 
Alunogen. Aluminite, All'nite. Phosphates, Turquois, Wavel- 
tlTE, Lazl'lite. Aluminum is also present in many silicates. 

The minerals of aluminum, aside from the clays, have important 
commercial applications, which may be roughly classified as : I. 
Ores of Aluminum. II. Abrasive materials. Ill, Gems, 

Ores of Aluminum. 

Metallic aluminum, fomiL-riy prepared only by reduction of the 
chloride by the metal sodium, is now made in relatively large 
quantities by electrolysis. In 1899 there was produced in this 
^tintry 3,250* tons of the metal, which sold as low as 28 cents 
er pound. 

CDnly bauxite and gibbsite are at present used as ores, bauxite 
sing preferred on account of cheapness, as gibbsite is not found 
^quantity, whereas about 36,000 tons of bauxite were mined in 
^^ U. S. in 1899, Corundum is too difficult to obtain and has 
<;^> high a value as abrasive material, and the abundant clays and 
»«ates contain a much smaller percentage of aluminum, and be- 
^e using, need to be decomposed and freed from silica. 

The ore is heated with sodium carbonate to low redness, in 
*~<ier to produce sodium aluminate without rendering the silica 
■«~ iron soluble, On dissolving out the sodium aluminate with 
Water and passing carbon dioxide through the solution, aluminum 
"hydroxide is formed, which yields the oxide when heated. By 
^\iis mode of procedure most of the iron and silicon is separated, 
which would otherwise be reduced by the current and alloyed 
■with the aluminum. 

For the production of the pure metal the oxide is decomposed 
by electrolysis in a fused solvent which protects the metal from 
* RtigiHiering and Mining Jmrma'. 1900. p. i. 
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contact with oxygen. The Hall process consists in the electroly. 
sis of the oxide in a fused bath of cryolite or the mixed fluorides 
of sodium and aluminum. The process is carried on in iron tanks, 
the bottom and sides of which are thickly lined with carlxin. 
The tanks serve as the negative electrodes and are filled with the 
cryolite flux, to which a little fluorite is added. The positive dec* 
trodes are carbon cylinders, which dip into the electrolyte. 

The cylinders are first lowered until they touch the bottom of 
the tank, and the ground cryolite is melted as a result of the poor 
contact. The cylinders arc then raised, and the current tlienceforth 
passes through the melted liquid. The alumina is now added, 
and is immediately dissolved by the flux and decomposed by the 
current. The metal settles at the bottom of the bath, while the 
oxygen combines with the carbon of the anode and escapes ai 
carbon dioxide. The metal is removed fiom time to time, alum- 
ina is again added and thus the operation is continuous. 

The aluminum thus produced is a white metal, with a bluish 
tint — a good conductor of heat and electricity, malleable and duc- 
tile and not easily tarnished. It is used in the manufacture of, 
.scientific apparatus where lightness, strength and non-corrosive- 
ncss are desirable, also, to a small extent, in making cookinf; 
utensils ; and in Germany, for making army equipments and shells 
for cartridges. It has a considerable use in the manufacture of 
fancy articles and in ornamental work, and in steel, copper and 
zinc castings a fraction of i per cent, of aluminum is added to the 
melted metal to prevent blow-holes. The powdered metal is used 
in the shape of a bronze powder and, in the form of aluminum leap 
and paint, it is also used for silvering letters and signs. The use 
of aluminum in sheet form is steadily increa.sing and is replacing 
sheet copper and zinc to some extent. It is also assuming impor- 
tance as an electrical conductor. About 500 tons were used ia 
sheet form and 650 tons for electrical conductors in 181 
Aluminum is especially sonorous and is now used in the Austnaili 
army for drums, and the substitution of aluminum for brass in tbc 
other band instruments is being tried. 

The alloys of aluminum are extensively used especially the alio/ 
with copper, known as aluminum bronze, which contains usually 
as much as ten per cent, of aluminum. It is extremely tough and 
is extensively applied in machinery, especially mine machineTy, 

* Engmttring and Mining Jourtta!, l£()9, p. 8. 
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engine castings, etc. The alloys with zinc, nickel and tin are also 
of importance and to some extent are replacing brass. 

Cryolite to the amount of about 10, 000 tons per year is im- 
ported into the United States from Greenland, its only important 
locality, and is used in making sodium carbonate, alum and calcium 
fluoride. A small amount of cryolite is used as a flux in the 
manufacture of aluminum as above described. 

Bauxite to the amount of 3 5,842 long tons was mined in Georgia 
and Alabama in iSgg,' these two States having the only known 
American deposits of importance. This ore is the source of most 
of the aluminum of commerce and is also used in the production 
of alum and other compounds of aluminum used extensively in 
dyeing and calico printing. The output of the mineral is steadily 
increasing. 

Abrasive Materials. 

Corundum to the amount of about 250 tons per year is mined 
in the South, and a somewhat larger amount of emery is imported 
use in grinding and polishing. The production of corundum is 
rapidly decreasing owing to the artificial production in quantity of 
an extremely hard carbide of silicon, known as carborundum, which 
is supplanting it as an abrasive. 

Gems. 

Rubies and sapphires, which are varieties of corundum, turquois 
and chrysoberyl are all found of sufficient beauty to be classed as 
gems or precious stones. In this country sapphires have been 
found in Montana, but their status in the gem market is not yet 
very well defined. A considerable amount of turquois of a mark- 
etable grade has been mined in New Mexico and new deposits are 
reported in Nevada. 

CRYOLITE.— Eisstein. 

Composition.— AlNajFo. (Al 12.8, Na 32.8, F 54.4 per cent). 

General Description. — Soft, translucent, snow-white to color- 
less masses, resembling spermaceti or white wax in appearance. 
Occasionally with groups of triclinic crystals so slightly inclined 
as to closely approach cubes and cubic octahedrons in angle and 
form. 
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Physical CboracterB. H., 2.5. Sp. gr,, 2.95 to 3. 
Lustre, vitreous or wax-like. Translucent or transparent. 
Streak, white. Tenacity, brittle. 

Color. — Colorless, white, brown. 
Cleavage. — Basal and prismatic, angles near 90°. 

Before Blowpipe, Etc. — Fuses very easily, with strong j-ellow 
coloration of the flame, to a clear globule, opaque when cold 
With cobalt solution, becomes deep blue. In closed tube, yield* 
acrid fumes, which attack and etch the glass. Soluble in acid 
without efiervescence. 

Similar Species. — Characterized by its easy fusibility, and 
fumes which attack glass. 

Remakks.— FounJ at Iviglut, Creenland, u a large bed In « granite vein, an 
Min«, scattered ihrough ii. cry>>uli of&iilcr[te,<iuanc, chalcopyriu and galenlle. TUi 
U the onlj locality wlierc cryalilc it priHluceil In conimercial qaintlUes, Iral bcre Ibt 
lupply teemi inexhaustible. Small bihudhu have l>een found at Mia>k. L'raK aixl ^ 
the Unllet) Slalei at Fike's Prak, Colnrifto. 

Uses. — It is used in the manufacture of sodium carbonate, and 
aluminum hydro.\ide, and is made into alum. The by-product, cal- 
cium fluoride, is sold to smelter and gla.ss manufacturers. Cryo- 
lite is also used as a flux or bath in the manufacture of aluminum. 

CORUNDUM.— Sapphire, Ruby, Emery. 

CoMrosnioN. — A!,0„ (Al 52.9, O 47.1 per cent.). 

General Description. — With the exception of the diamond, 
the hardest of all minerals. Occurs in three great varieties, whidi 
are most conveniently described separately. 

Sapphire or Ruby. — Transparent to translucent, sometimes in 
crystals and of fine colors — ^blues, reds, greens, yellows, etc. 

Aiinniaiitine Sfior or Corundum. — Coarse crystals or masses, with 
nearly rectongular cleavage, or granular, slightly translucent, and 
usually in some blue, gray, brown or black color. 

Emery. — Opaque, granular corundum, intimately mixed with 
hematite or magnetite, usually dark-gray or black in color. 

Crvstallization. — Hexagonal. Scalenohcdral class, p. 4a 
Axis (^=1.363. Crystals often rough and rounded. Second 
order pyramids predominate as w, o. and iv intersecting the vertical 
axis at respectively Jr, -Jc and 2(-. Unit rliombohedron / and the 
more acute form / (2r) al.so occur. .Angles «« = 1 28° 2' ; 1 
• 132*22'; wiv= 124°. 
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Fig. 550. 



Fig. 551. 



Fig. 552. 






Optically — , with rather strong redaction but weak double refrac- 
tion (a= i.759> r= 1767)- 

Physical Characters. H., 9. Sp. gr., 3.95 to 4. 11. 

Lustre, vitreous or adamantine. Transparent to opaque. 
Streak, white. Tenacity, brittle to tough. 

Color, blue, red, green, yellow, black, brown or white. 
Cleavage, rhombohedral, angle of 86° 4'. 

Before Blowpipe, Etc. — Infusible and unaltered, alone or with 
soda, or sometimes improved in color. Becomes blue with cobalt 
solution at high heat. Insoluble in acids and only slowly soluble 
in borax or salt of phosphorus. 

Remarks. — Occurs in granular limestone, granite, gneiss and other crystalline rocks 
and in the gravel of river-beds. It is usually associated with chloritic minerals, rarely 
with quartz, and is frequently found altered, and many alteration products occur, as 
spinel, feldspar, mica, tourmaline, cyanite, fibrolite, etc. The American localities 
producing corundum or emery are : Raburn County, Ga. ; Macon, Clay and Jackson 
Counties, N. C. ; Westchester County, N. V. ; Chester County, Pa., and Chester, Ma.ss. 
Fair-sized rubies and sapphires have been obtained near Helena, Montana, and at 
several localities in North Carolina. The finest rubies are obtained from Upper 
Burmah and Ceylon. 

Uses, — Sapphire and ruby, when clear. and transparent, are 
valuable gems, the ruby sometimes being more highly valued 
than the same weight of diamond. The various colors have dif- 
ferent names; Blue, sapphire ; red, ruby ; yellow, oriental topaz ; 
green, orienial enterald ; purple, oriental amethyst. Adamantine 
spar and emery are the most important abrasive materials, and 
thousands of tons are used in grinding and polishing. Corundum 
can be used in the electric smelting processes for aluminum, but 
its price makes this unprofitable. 
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BAUXITE. 

Composition. — A1,0(0H)4, with usually part of the Al replaced 
hy Fe. 

General Description. — Disseminated, rounded grains, oolitic 
and sponge-like to clay-like masses. Also fine-grained, compact 
Usually white, or, if ferruginous, will be yellow, brown or red. 

Physical Characters. H., i to 3. Sp. gr., 2.4 to 2.5. 
Lustre, dull or earthy. Opaque. 

Streak, like color. Tenacity, brittle. 

Color, white, red, yellow, brown or black. 

Before Blowpipe, Etc. — Infusible. Becomes deep blue with 
cobalt solution, and may become magnetic in reducing flame. In 
closed tube yields water at high heat. Soluble with difficulty in 
hydrochloric acid. 

Remarks. — Bauxite may have been deposited from solution in hot alkaline waters 
or may have resulted from alteration of corundum. It is usually found with clay or 
kaolin associated with other aluminum minerals. Large deposits exists at Beaux, 
France, Lake Wochein, Camiola, and in Antrim, Ireland. In the United States it is 
mined at Linwood, Ga., and Piedmont, Ala. The production at these two places is 
extensive, and numerous large deposits occur throughout several counties in this 
region near the State boundaries. Immense amounts of the mineral are also found 
in Saline and Pulaski Counties, Arkansas. 

Uses. — Is the chief source of aluminum, and is also used in 
the linings of basic converters, Siemens-Martin furnaces, etc., and 
in the manufacture of alum. 

DIASPORE. 

Composition.— AIO(OH), (AUOg 85.1, Rp 14.9 per cent.). 

Ceseral Description. — Thin, flat, orthorhombic prisms, foliated masses and thin 
scales. When pure, it is transparent and white or pinkish in color. When impure, it 
is often brown. 

Physical Characters. — Transparent to nearly opaque. Lustre, pearly and vitre- 
ous. Color, gray, white, pink, yellow, brown. Streak, wliite. H., 6.5 to 7. Sp. gr.» 
3.3 to 3.5. Very brittle. Cleaves into plates. 

Bekork Blowi'Ipe, Etc. — Infusible. Usually decrepitates. With cobalt solution, 
becomes deep blue. In clo>cd tube, yields water at-high heat. Insoluble in acids. 

Similar Stkc ies. — Distinguished by its hardness, cleavage and decrepitation. 

Rkmakks. — ( )ccurs with corundum and its associates. 

GIBBSITE. 

Composition. — A1(0H)3, (AI2O3 65.4, II,.0 34.6 per cent). 
General Description. — A white or "early white mineral, usu- 
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ally occurring in small stalactites or thin mamillary crusts, with 
smooth sur&ce and sometimes fibrous internal structure. Rarely 
in small six-sided monoclinic crystals. When breathed upon, it 
has a strong clay-like odon 

Physical Characters. H., 2.5 to 3.5. Sp. Gr., 2.38. 
Lustre, faint vitreous. Translucent. 

Streak, white. Tenacity, brittle to tough. 

Color, white, greenish, reddish, yellow. Cleavage, basal. 

Before Blowpipe, Etc. — Infusible, exfoliates, glows and be- 
comes white. With cobalt solution becomes deep blue. In 
closed tube yields waten Soluble in hydrochloric or sulphuric 
acid. 

Remarks. — If gibbsite could only be found in quantity it would be even more valu- 
able than bauxite for the manufacture of aluminum. No large deposits, however. 
are known, and the mineral is not mined except when it occurs in comparatively small 
quantity with the bauxite of Georgia and Alabama. The mineral is found in even 
smaller quantity at Richmond and Lenox, Mass., and in Dutchess and Orange coun- 
ties, N. Y. Foreign localities also are rare. 

ALUNOQEN. 

Composition.— Al,(SO^)3 -f 18 H,0, (AljO, 15 3, SO3 36.0, H^O 48.7 per cent.). 

General Description. — A delicate fibrous crust of white or yellow color. Some- 
times massive. Tastes like alum. 

Physical Characters. — Translucent. Lustre, vitreous or silky. Color, white 
yellowish or reddish. Streak, white. H., 1.5 to 2. Sp.gr., 1.6 to 1.8. Taste, like 
alum. 

Before Blowpipe, Etc. — Melts in its own water of crystallization, but becomes 
infusible. It is colored deep blue by cobalt solution. In closed tube yields much 
acid water. Easily soluble in water. 

Remarks. — Formed by action of sulphuric acid of decomposing sulphides upon 
aluminous shales. Also formed during volcanic action. 



ALUMINITE. 

Composition. — AljfOHj^SO^, (Al^Oj 29.6, SO, 23.3, H^O 47.1 per cent.). 

GeN.<:ral Description. — Usually found in white rounded or irregular masses t)f 
chalk -like texture and peculiar harsh feeling. 

Physical Characters. — Opaque. Lustre, dull or earthy. ' Color and streak, white. 
H., I to 2. Sp. gr., 1.66. Meagre to the touch and adheres to the tongue. 

Before Blowpipe, Etc. — Infusible. In closed tube yields much acid water. 
With cobalt solution becomes deep blue. Easily soluble in acid. 

Remarks. — Found in clay beds. Expense of transportation alone keeps aluminiie 
from the list of aluminium ores. Quite extensive deposits occur near Silver City, New 
Mexico, also near Trinidad, Colo., and in others of the Western States, 
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RemaEKS.— Tnrquois is mined in ihe United Slates at Los Cerrillos in New Mexico, 
ud line mitetial is obtained. Also in Grant county. New Mexico. Previous to tlie 
opening of these mines turquois had been obtained almost altogether from the famous 
Peraian loeaiity and ftom Arabia. The mineral is also known to occur in Arizona, 
Califomia, Colorado and Nevada. 

Uses. — As a gem . 

WAVELLITE. 
Composition.— A1»{0H),(P0A +9H,0, {AI,0, 38.0, P,Oj 35,2, 
H,0 26,8 per cent,). F is sometimes present. 

General Description. — Hemispherical masses which, when 

broken yield complete or partial circles with radiating crystals. 

The component crystals are rarely large enough to be measured. 

Occasionally stalactitic. Color most frequently white, green or 

yellow. 



(WbU 




i*hj'sical Characters. H., 3.5 to 4. Sp. gr., 2.31 to 2.34. 
Lustre, vitreous. Translucent. 

Streak, white. Tenacity, brittle. 

Color, colorless, white, yellow, green, brown, blue, black. 

Before Blowpipe, Etc, — Whitens, swells, and splits, but does 
not fuse. With cobalt solution becomes deep blue. In closed 
tube yields acid water. Soluble in hydrochloric acid. Ammo- 
nium molybdate produces a yellow precipitate from nitric acid so- 
lutions. 



Remarks.— In the United Slati 
Whiteland, Pa., and Silver Hill. N 



t Cove, Ark,. Wes 



It is without indui 



lazulite. 

Composition.— {Mg.Fe.Ca)Al,(OH)/rO,l,. 

General Description.— Aiure blue acute mi 
Uraallf quite opaque. 

Physical Characters. — Opaque or nearly so. 1 
blae. Streak, white, tl., S to 6. Sp. gr., 3.05 to 
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Before Blowpipe, Etc. — Infusible, but becomes white, cracks and fall* to piec^J 
coloring the flame bluish -green, especially when moistened with sulphuric add. I 
closed tube yields water and turns while. Insoluble in acids. 

Remarks. — Occurs in veins in clay slate, quartiite, etc. 

CHRYSOBERYL. 

Composition.— GlAljO,. (GIO 19.8, AljO, 80.2 per cent). 

General Description. — Pale green or yellowish tabular cry^s 
tals ; thicker deep emerald-green crystals, which by transmitt^« 
light are a purplish red ; and rolled pebbles like green bottle gla^s 
but often with an internal opalescence. Very hard. 

FIG. 555. 




\. 



Urals. 



Crystallization. — Orthorhombic a : b \ c = 0.470 : i :0.53c?- 
Often flat plates or flat contact twins with feather-like striation^. 
Fig' 555- Alexandrite occurs in simple, Fig. 554, or twinned cr>'S' 
tals showing unit pyramid p and prism m with brachy pyramid '' 
= 2a : b : zc and prism n = 2 il -.b : ki c. Angles are tn »i = 
129° 39'; H« = 93° 32'; //= 139° 53'; ,T= 107° 43'. 

Optically +. Axial plane the brachy pinacoid. Acute bisec- 
trix vertical. Pleochroic. 

Physical Characters. H., 8.5. Sp. gr., 3.5 to 3.84. 

Lu.'^TRE, vitreous to greasy. Tran.slucent to transparent. 

Streak, white. Texacitv, brittle. 

Color, pale yellowish green to emerald green. 

Before Blowpipe, Etc. — Infusible. In powder, is turned blue 
by cobalt solution. Insoluble in acids, 

VAKfKTiES. — Aiexaiiib-itc, the deep emcrald-^reen variety, which 
Is columbine red by transmitted light, 

Cymi.'phaiu- or Cuts En: — Yeliowish-gru-en -ind opalescent. 
KhMAKKS. — Nil liiii: Ecms have been found in itie Uniled States, ahhough the min- 
eral uccuri sp-iriiiuly in Slowt, Ten] an<l Caiilon, Me., (Jreenfield, N. Y., Haddam, 
Conn. 'Ilic best ^ems are obtained from Ceylon, (he Ural Mounlaias and Brazil. 

Uses. — As a gem, especially the alexandrite and cat's eye. 



CHAPTER XXXIV. 

BORON, SULPHUR, TELLURIUM, HYDROGEN AND 
CARBON MINERALS. 

THE BORON MINERALS. 

The minerals described are : Boric Acid, Sassolite ; Borahs, 
Borax, Ulexite, Colemanite (Priceite and Pandermite), Boracite 
(Stassfurtite). Boron is also a constituent of some common sili- 
cates, e. g., tourmaline and datolite. 

Commercial borax is manufactured from all the minerals men- 
tioned, and has important uses, based cither on its power to unite 
with almost any oxide to form a fusible compound, or upon its 
antiseptic or detergent properties. It is used in welding, as basis 
of enamels on metal or porcelain, as a Hux, as an antiseptic in pack- 
ing meat, in antiseptic powders and soaps, and in washing, dyeing, 
and tanning. 

Sassolite to the extent of about 2500 tons yearly, is obtained by 
condensing and evaporating the steam issuing from fumaroles in 
the mountains of Tuscany. About 1200 tons of pandermite arc 
annually obtained in Asia Minor. Boracite is from the mines at 
Stassfurt, Germany. In this country the borax minerals are ob- 
tained from the " marshes " of the Great Basin, especially those in 
Nevada and California. In San Bernardino County, Cal., calcium 
borates are mined from a vein. In 1897 about 10,000 tons of 
borax were extracted in California and Nevada.* 

When the crude material is borax with other sodium and cal- 
cium salts, the borax is extracted by boiling in hot water, cooling 
and crystallizing. The calcium borates are decomposed by 
sodium carbonate or sulphate to form borax, or by sulphuric or 
hydrochloric acid if boracic acid is first to be produced. 

SASSOLITE. — Natural Boracic Acid. 
Composition.— HjBO,, {Bp, 56.4, HjO 43.6 per cent.). 
General Descriition. — Small white or yellowish scales, of 
*Miniral Imlustty, 1898, p. 63, 
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pearly lustre, acid taste, and somewhat unctuous feel. Rarely 
stalactitic or in minute monoclinic crystals. Chiefly occurs in 
solution or vapor in volcanic regions. 

Physical Characters. H., i. Sp. gr., 1.43. 

Lustre, pearly. Translucent. 

Streak, white. Tenacity, brittle. 

Color, white or yellowish. Taste, sour or acid. 

Before Blowpipe, Etc. — Fuses easily with intumescence to a 
clear glass without color, but colors the flame yellowish-green. In 
closed tube, yields water. Soluble in water. 

Remarks. — In the region of volcanoes sassolite is brought to the surface in the jets 
of steam, collects in the water from these jets, and, to some extent, forms also a cnisi 
more or less solid. The only productive locality is in Tuscany. It also forms a small 
proportion of the boron compounds at the California borax localities. 

Uses. — It is an important source of borax. 

BORAX.— Tinkal. 

Composition. — NaaB^Oy.ioHjO, (B,03 36.6, NajO 16.2, H^O 
47.2 per cent.). 

General Description. — A glistening, white or nearly white 
efflorescence or constituent of certain soils, but more frequently 
in solution in lakes, or as well-formed monoclinic crystals in the 
mud of these lakes. The crystals closely resemble those of p}'" 
roxene in form and angle. 

Physical Characters. H., 2 to 2.5. Sp. gr., 1.69 to 1.72. 

LusTKK, vitreous to dull. Translucent to opaque. 

Streak, white. Tenacity, brittle. 

Color, white, gray, bluish, greenish. Taste, alkaline. 

Before Blowpipe, Etc. — Swells greatly and fuses to a clear 
glass. Colors flame yellow, and if mixed to a paste with a flux 
of acid potassium sulphate and powdered fluorite, and fused, it will 
color the flame bright green. In closed tube, swells, blackens, 
yields much water and a burnt odor. Soluble in water. If treated 
with a few drops of sulphuric acid, covered with alcohol, and the 
alcohol set on fire, a green flame is obtained. 

Remarks. — Borax in the United States is produced from the deposits existing in 
both Nevada and California. The Nevada localities are mainly in Esmeralda County, 
while those of California are in Lake, Bernardino and Inyo Counties. 
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Uses. — In welding, soldering, soap-making, glass-making, glaz- 
ing, as a flux in assaying, refining and testing metals, as a preserva- 
tive, in medicine, and as chief ingredient of many washing powders 
and antiseptic preparations. 



ULEXITE.- 



Boronatrocalcite. 

(B,0, 43.0. CaO 13.8, Na,0 



Composition.— Ca Na B A- ? H,0, 
7-7, HjO 35.S per cent.). 

General Description. — White, rounded masses (cotton -balls) 
of loosely- compacted, intertwined, silky fibres, which are easily 
pulverized between the fingers. 



Physical Characters. H., 1 
Lustre, silky. 
Color and Streak, white. 



Sp. gr., 



Translucent. 
TE^Ac^■v, brittle. 



Before Blowpipe, Etc. — Fuses very easily, witli intumescence 
to a clear glass. Colors flame intense yellow, and will yield green 
flame, as with borax. In closed tube yields water. Soluble in 
acids. 

Remarks. — Occun in dry kkcs or on ibc hanks surrounding pcirtiall}' dried Ukes, 
with hiliie, gypsum, glauberlie, iKimx. elc. Is probably forniH by the iction of 
tolabte calcium sails on boracic acid and borait in wlution in the some waters. It it 
■bundani in Etroeralda Counly. Nevada, and is ■!»> found in several of the California 
borax localities and in the gypsum beds of Nova Scoiia. Large deposi 
in the dry plains at the north of Chili. 



Uses. — It h 



e of part of the borax of commerce. 



COLEMANITE.— Priceite Pandcrmite. 

CoMTOSiTjfiN.— Ca,B,p,, + 5H,0, {B,0., 50.9. CaO 27, 
21.9 per cent.). 

General Desckiption, — Occurs in groups of 
colorless transparent cr>'stals resembling those 
of dalolite but usually larger, and in simpler 
wedge-shaped forms, also in compact white mas- 
ses like porcelain and in loosely aggregated chalk- 
like masses. 

Crvstallization. — Monoclinic. Axes a\d:c 
=" 0.775 :i;o.54i: ,J ™ 69° 51'. Common faces 
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are : l=i2a:b: <30 c\ v ^=i a\b\2c \ e =^ ^ a\b\2c\h ^=i a\^b\ 
2c, Usually short prismatic and highly modified. Angles, mm 
= 107° 56' ; w^ = 106° \\' \ ac^ \ 10° 9'. 

Physical Characters. H., 4 to 4.5. Sp. gr., 2.26 to 2.48. 

Lustre, vitreous to dull. Transparent to opaque. 

Streak, white. Tenacity, brittle. 

Color, white or colorless. 

Before Blowpipe, Etc. — Fuses easily, coloring flame green. 
Insoluble in water, easily soluble in hot hydrochloric acid with 
separation of boric acid on cooling. 

Varieties. 

Priceite. — Loosely compacted white chalky masses. 
Pandermite. — Firm compact porcelain-like white masses. 

Remarks. — Priceite occurs in Curry County, Oregon, in layers between slate and 
steatite. Pandermite is found in a bed beneath gypsum near Pandemia on the Sea of 
Marmora. Colemanite at Inyo and San Bernardino Counties, Cal., with celestiteand 
quartz. Especially abundant near Daggett in the Mojave Desert. 

Uses. — Is an important source of borax and yields a large part 
of the American output. 

BORACITE.— Stassfurtite. 

Composition. — Mg^CljBjgO^ (I^jO, 62.57, MgO 31.28, CI 7.93 per cent.). 

General Description. — Snow-white, rather soft masses (stassfurtite) and small 
hard glassy isometric crystals of the Hextetrahedral class, p. x8, usually showing the 
tetrahedron / with or without the cube a and dodecahedron d. Strongly pyroelectric. 



Fig. 557. 



Fig. 558. 





Physical Characters — Transparent to opaque. Lustre, vitreous. Color, white, 
yellowish, greenish. Streak, white. II., 7 (crystals), 4.5 (masses). Sp. gr., 2-9 
to 3. Brittle. 

1>i:f<)KE BLowriPE, Kxc. — Fuses easily with intumescence, to a white glass and 
color> the tlanie yellowish green. In closed tube yields no water or but little. Solu- 
ble ^lowly in hydrochloric acid. 

Remarks. — Occurs in deposits of halite, gypsum, anhydrite, and especially in the 
immense beds of potassium and magnesium salts at Stassfurt, Prussia. 
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"THE SULPHUR AND TELLURIUM MINERALS. 

The minerals described are : Sui.fiiuK and Tellurium ; the prin- 
cipal sulphur minerals, however, are the sulphides and sulphates 
elsewhere described. 

According to the estimate of \V. H. Adams,* the United States 
consumed a total of 316,303 long tons of sulphur in 1897. Of 
this amount 137,725 tons was in the form of brimstone, almost 
wholly imported from Sicily,and 178,578 tons was present in pyrite 
from which it was burned. About two-thirds of the pyrite was 
imported and mainly from the Rio Tinto mines of Spain. Sulphur 
is also recovered in large quantities from the former waste products 
of gas works, Leblanc soda factories and other chemical works. 
Considerable quantities are also burned off from the sulphides of 
zinc and copper during the recovery of the metals and in a few 
localities, notably in Germany, the sulphur dioxide fumes are util- 
ized in the manufacture of sulphuric acid. 

Nine-tenths of the world's supply of native sulphur is obtained 
from the Island of Sicily. In this country 1,337 long tons were 
produced in 1899. f 

Sulphur is extracted from the native mineral by simple fusion 
and consequent separation from the gangue. The common method 
in use in Sicily involves the burning of part of the sulphur to melt 
the remainder, causing heavy loss of the element. The crude sul- 
phur may be refined by sublimation. Pyrite is burned directly in 
specially constructed furnaces, the sulphur dioxide produced being 
used almost solely in the manufacture of sulphuric acid. 

Telll'rium is included in this section on account of its close 
chemical relation to sulphur. It has no commercial importance, 



SULPHUR.— Brimstone. 



^^Composition. — S, sometimes with traces of tellurium, selenium? 
or arsenic. Often mixed with clay or bitumen. 

General Description. — Yellow, resinous, orthorhombic pyra- 
mids, usually translucent or transparent ; also in crusts, stalactites, 
spherical shapes, and powder. Color usually pale-yellow to sul- 
phur-yellow, but is sometimes brown or green. 

• Mntral industry: 1898, p. 562. 

■\ Bnginetri'ig and Rfinitig Journal t I900, p. a. 



^ 
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Fig. 559. Fig. 560. 




Crystallization. — Orthorhombic. Axes n\ b\ r == 0.813 : i : 
1.903. Usually the pyramid /, sometimes modified by the base f, 
the pyramid s =^ a\ h\ ^ r, or the dome d^ ^ d\ b\ c. Angles 
//= 106° 26; ss^ 126° 51'; cd^ 117° 43'. 

Optically + . Axial plane, the brachy pinacoid. Acute bisectrix 
vertical. Axial angle with yellow light 2 F= 69° 5'. 

Physical Characters. H., 1.5 to 2.5. Sp. gr., 2.05 to 2.09. 
Lustre, resinous. Transparent to translucent. 

Streak, white or pale yellow. Tenacity, brittle. 

Color, yellow, yellowish-orange, brown or gray. 
Cleavage, parallel to base, prism and pyramid, not perfect. 

Before Blowpipe, Etc. — Melts easily, then takes fire and burns 
with a blue flame and suffocating odor of sulphur dioxide. I" 
closed tube melts and yields a fusible sublimate, brown hot, yellow 
cold, and if rubbed on a moistened silver coin the coin is blackened. 
Insoluble in acids. 

Rkmakks. — Formed in large deposits by the decomjx)sition of sulphides, or of sul- 
phates, especially gypsum, which by water and decaying organic matter are reduced ^o 
the sulphide with subsequent production of hydrogen sulphide which on decomposition 
f()rm«< sulphur. Sulphur is also deposited from hot springs. 

The great sulphur producing region of the world is the island of Sicily. Deposits 
arc numerous in the I- nited States, and have been developed at Cove Creek and Fresno. 
I'lah ; and Winnemucca, Nevada. Extensive deposits are also known in California, 
Louisiana, Wyoming and Texas. Less important occurrences are numerous. 

Uses. — Sulphur is used in immense quantities for the manufacture 
of sulphuric acid, e^unpowdcr, matches, rubber goods bleaching, 
medicines, etc. Large quantities of it, however, are recovered in 
various chemical and metallurgical operations as by-products. 
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F' 

• TELLURIUM. 

I Composition.— Te with a little Se, S. Au, Ag, ci 

I General Descriphon.— 

pruned or in minute hexagonal prisms. 

Physical Chabactebs. — Opaque. Lustre, metallic, 
H., 2 to 2.5. Sp. i^., 6.1 to 6.3. Rather briule. 

Before Blowpipe, Etc.— On chorconl fuses easily, volatilizes, coloring flame 
gneen and fonning n while coal, which is made rose color by tranirerring to porcelai 
I «nd moisleniog with iulphur 



ral of melalli 



occurring fine 
Color and itreRk, lio-while. 



Soluble in hy<lrochlnri{ 



THE HYDROGEN MINERALS. 
Hydrogen is a constituent of many minerals being present in 
combination and as water of crystallization. It is present to a 
limited extent in natural gas and in volcanic gases, it escapes in 
combination with sulphur from many sulphur springs and in com- 
bination with carbon occurs as marsh gas, petroleum, ozocerite, etc. 
It has been of the utmost importance in mineral formation and 
alteration and for that reason is considered here. Its compound 
WATER is properly included as a mineral. 

WATER.— Ice, Snow. 

COMPO-.IT10N,— H,,0 (H., II. I, O.. S8.9 per cent.). 

General Description. — Ice or snenc at or below o° C. Water 
from 0° to ioo° C. Sleatn above 100° C, or aqueous vapor at 
all ordinary temperatures. 

Crystallization. — Hexagonal. Axis r = 1.403 approximately. 

As snow, the crystals are principally compound star-like forms 
branching at 60° and of great diversity. Simple crystals are some- 
times found as hail. Optically -|-. 

^■^c. 561. F[C. 562. Ft..;. 563. Fig. 564. 




Magnilied Soon Crystals. 
Physical Characters. H. (ice), 1.5. Sp. 
Lustre, vitreous. 
Streak, colorless. 

Color, white or colorless, pale blue i 
Tasteless ifpui 



\r. (ice), 0.91. 
Transparent. 
Tenacity, brittle, 
thick layers. 
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Before Blowpipe, Etc. — Melts at o° C. Under pressure of 
760 mm. boils at 100° C. and is converted into steam. 

Remarks. — Rarely pure, usually containing air, carbon dioxide, some of the salts 
of calcium, magnesium, sodium, potassium, etc., and even traces of the metals. 
When pure it is tasteless and a universal solvent. 

THE CARBON MINERALS. 

The definite minerals described are : Diamond and Graphite. 
In addition to these Coal, Asphaltum, Petroleum, Ozocerite 
and Amber are economically important carbon compounds which 
are on the border line of mineralogy, being without definite com- 
position or crystalline form. 

Carbon also exists in all organic matter, in all carbonates ; in 
the carbon dioxide of the air; and in natural gas. 

Diamonds have been found in this country, but practically, the 
production for the world is from the South African mines, with a 
limited amount from New South Wales and from Brazil. Nearly 
three million carats were mined in Kimberley, South Africa, in 
1897.* 

Graphite is mined in New York, Pennsylvania, and Rhode 
Island and to a limited extent in a few other States. In 1 898 the 
output of the mines in this country was 1900 tons.f The total 
product of the world is over 50,000 tons annually, obtained mainly 
from Austria and Ceylon. The uses of graphite are numerous, 
the best known being, pencils, crucibles, stove polish, lubricants, 
paints for iron and foundry facings. 

Mineral coal, excluding peat and lignite which retain the woody 
structure, is compact massive material produced by a gradual 
alteration of organic deposits chiefly vegetable. Bituminous, or soft 
coal, which retains a large amount of volatile matter readily con- 
verted by heat into gases was mined to the extent of 158,955,93' 
tons in this country in 1898.4; Anthracite, or hard coal, which 
contains little volatile matter was produced during the same year^ 
to the amount of 49,947,571 tons. About one-half of our total 
output of coal is mined in Pennsylvania. The United States now 
produces about one-third of the coal of the world. 

^Miucrrcil Industry^ 189S. 

'\ Efiii^iiuwin:^ and Mining Jotinialy 1S99, p. 3. 

\Eni^iiu\r'ni.^ and Mining Joiirtuily 1899, p. 3. 

'<,.Ibid. 
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AsPHALTUM or mineral pitch is a mixture of different hydro- 
carbons, brown to black in color and grading between liquid and 
solid. Different names, such as elaterite, gilsonitc, and albertite, 
have been given to varieties from diflerenl localities. 

The chief locality for asphaltum is the famous pitch lake of the 
island of Trinidad, although deposits of asphaltic sandstone are 
mined in California, Utah, Kentucky, and other States in this 
country, and asphaltic limestones are mined in France and Switz- 
erland. Nearly 200,000 tons were used in the United States in 
1897, of which about two-thirds were imported. 

The principal use is for street pavements, usually mixed with 
70 to 80 per cent, of sharp sand, 5 to 15 per cent of limestone, 
and a little coal-tar residium. It is also used as cement, roofing, 
and floor material, and for coating wood or metal to prevent decay 
or rust. 

.\sphaltum is also a constituent of some varnishes. 

Petroleum is closely related to asphaltum, and may be regarded 
as including the liquid members of the series. In 1897 the wells 
of this country yielded 56,985,643 barrels* of the crude oil, which 
was converted into naphtha, illuminating oils, lubricating oils and 
paraflinc. It is obtained also in Canada, Russia, India and 
Burma. 

Ozocerite or mineral wa.x is essentially a jiarafTin, colorless to 
white when pure, but oftener greenish or brown, and possessing 
all the properties of beeswax except its stickiness. It is found in 
Galicia, Hungary, and Utah, and is extensively used. In the 
crude state it serves as an insulator for electric wires. By dis- 
tilling it yields a refined product, ceresine, used for candles, waxed 
paper and hydrofluoric acid bottles ; burning oils ; parafline ; a 
product with properties and appearance of vaseline ; and a black 
residiuum which in combination with india rubber constitutes the 
insulating material called okonite. 

In 1897 over 7000 tons were mined in Hungary. 

Amber or succinite is a fossil resin found chiefly along the 
Prussian coast of the Baltic Sea. It is usually transparent and of 
a yellowish or brownish color. Its chief use is for jewelry and for 
mouth pieces for pipes. 
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DIAMOND. 

Composition. — C. 

General Description. — Transparent, rounded, isometric crys- 
tals with a peculiar adamantine lustre like oiled glass. Usually 
colorless or yellow, and with easy octahedral cleavage. Abo 
translucent, rough, rounded crystalline aggregates and opaque 
crystalline or compact masses of gray to black color and no dis- 
tinct cleavage. Especially characterized by a hardness exceed- 
ing that of any other known substance. 




Uc UcL-r^s Mine. Kimberky, 



Ckystai-LIZATEon. — Isometric. Hcxtetrahedral class, p. 18, 
Octahedra, often showing inverted triangular depressions, see Fig. 
565, and hcxtetrahedral modifying faces, arc most common wliilc 
rounded hcxoctahcdra and more rarely cubes and other forms 
occur. Frequently twinned parallel to the octahedron. Index of 
refraction for yellow li{;ht 2.4195. 

Physical Characters. H., 10. Sp. gr., 3.15 to 3.52. 

Ll:stre, adamantine. Transparent to opaque. 

Stkeak, colorlcs.s. Tenacity, brittle. 

Color, colorless, yellow, rose, green, blue, gray, black. 
Cleavage, octahedral. 



Before Blowpipe, Etc, — Is slowly consumed, producing its 
equivalent of carbon dioxide. In powder it is burned by ordinary 
blowpipe flame. Insoluble in acids. 
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Vakieties. — Carbonado or Black Diamond. — Opaque, dark-col- 
ored, and without cleavage. Sp. gr., 3.15 to 3.29. 

Bort. — Translucent, non-clcavable, crystalline aggregates, often 
harder than the crystals and more tough. Sp. gr., 3.499 to 3.503. 
The name bort is also applied to fragments of crystals. 

Remarks. — Origin nol known. The diamond is found in alluvial deposits with 
other minerals, such as gold, plalinum, lircon. The gieal South African lacillties, 
however, while in part alliiviai or " river digEJngs," are chiefly Confined to a limited 
area where they occur enclosed in a wall of caibonaccauc shale surrounding a set' 
penline shale core, in which are found not only the diamonds, but gamete, lircon 
magnetite, etc. Diamonds have aiso been found in quattiose conglomerates and with 
the uncalled flexible sandstone "itacolumile." 

Although diamonds have been found in isolated localitiesin the southern and west- 
ern Stales no deposits, not even of an alluvial eharactei, have been discovered in 
North America. By far the largest diamond deposit ever found occurs at Kimberley, 
South Africa, and immense <|uanlilie5 are mined here annually. Alluvial deposits 
which have become famous occur in liraiit, India, the Urals and Borneo. 

Uses. — As a gem when transparent and without flaw ; colorless 
stones and those of decided tints ranking superior to yellow or 
brownish stones. Smaller stones, especially the translucent and 
opaque crystals, are used in cutting machinery, diamond drills, 
saws, etc., on account of their great abrasive power. The dust is 
also used in polishing other diamonds. 

GRAPHITE.— Plumbago, Black Lead. 

Composition. — C. Sometimes with iron, sand, clay. etc. 

Gekeral Description. — Disseminated flakes or scaly to com- 
pact masses, and more rarely six-sided plates. Soft, greasy aijd 
cold to the touch; black to very dark gray in color and usually 
metallic in lustre. When impure it is apt to be slaty or earthy. 
Physical Characters. H., i to 2. Sp. gr.. 2.09 to 2.25, 

Ll'stre, metallic to dull. Opaque, 

Streak, dark-gray. Tenacitv, scales flexible, 

" LOR, black or dark gray, slightly sectile. 

Ileavagk, basal, cleaves into plates. Unctuous, marks paper. 

Before Blowpipe, Etc.— Infusible, but is gradually burned. 
May react, if impure, for water, iron and sulphur. Insoluble in 
acids. If a piece of graphite is brought into contact with a piece 
of zinc in a solution of copper sulphate, it is quickly copper- plated. 
Molybdenite under the same test is very slowly plated. 



^^ ST! 

^LCoi 
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Similar Species. — Differs from molybdenite in darker color, 
streak, flame test and salt of phosphorus bead, and as above men- 
tioned. Micaceous hematite is harder and hitt a red streak. 

Remarks. — Graphite probably results from alteration of embedded organic matter 
coal, peat, etc., by heat, destructive distillation and pressure. It occurs disseminated 
in crystalline limestones and granites and in larger irregular mass^ Large deposits 
exist in Ceylon, Austria and Eastern Siberia. Almost all the KmerLdka^ output is 
obtained at Ticonderoga, N. Y. Deposits at Southampton, Pa., and- iMn Raleigh, 
N. C, h^ve also produced graphite in commercial quantities. 

Uses. — Graphite is used for refractory vessels, as crucibles, re- 
torts, stove polish, etc., for lead pencils, in electroplating, in elec- 
trical supplies, in casting moulds, as a finish, as a lubricant for 
machinery, as a paint for iron, etc., for coating metals, shot, gun- 
powder, etc. 




The minerals composed of silica alone and the silicates cannot 
conveniently be classified upon an economic basis, and we have, 
therefore, followed practically the order of Dana's "System of Min- 
eralogy," Sixth Edition, believing that — in this country, at least — 
most collections of minerals will be arranged in this order for 
many years. The order herein followed is : 

A. — Silica. 

B. — ANHrDROus Silicates : 

I. Disilicates and Polysilicates. 



» 



II. Metasilicates. 

III. Orthosilicates. 

IV. Subsilicates. 

■Hydrous Silicates: 

I. Zeolite Division. 
II. Mica Division. 

III. Serpentine and Talc Div 

IV. Kaolin Division. 



U. — TiTANO Silicates. 

h ECONOMIC DISCUSSION, 

ide from the occasional occurrence of certain silicates in spec- 
imens suitable for gems, only a few of this greatest group of 
common minerals are of economic importance as distinct minerals. 
The great stone or quarry industry,* however, which represents in 
the United States a capital of nearly S 100,000,000, and produced in 
1889 material worth in the rough over 350,000,000, consists in the 
extraction of blocks of either carbonate of lime or magnesia or of 
silica and silicates. For instance, in 18S9 the values of materials 
quarried in this country were : 

" The fuels and figures, where given for the yenr 1889, arc essentially ihosc of the 
£lrvemh Ctnsui Rtport on Mairal InJustria. pp. 595 to 666. The figures for 1897 
are talien from Minirat Indmlry, 189S. 
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Granite, $14,464,095 

Sandstone, 10,816,057 

Bluestone, , . 1,689,606 

Slate, 3»482,5I3 

The amount of stone used in building in this country in 1897 
was approximately of the value of $30,000,000. 

Granite, commercially speaking, includes a number of hard, 
durable rocks, such as granite proper, syenite, gneiss, basalt, dio- 
rite, and andesite, which are composed of silicates — usually three 
or more — ^and principally quartz, the feldspars and the micas, 
pyroxene and amphibole. It is used in enormous quantities in 
buildings, in paving blocks and in construction of bridges and 
dams. In 1889, 62,287,1 56 cubic feet were quarried in the United 
States, of which 26,000,000 were used in building and 20,000,000 
in paving blocks. 

Sandstone is composed of grains, chiefly quartz, with sometimes 
a little feldspar, mica or other minerals, and classified as siliceous 
ferruginous, calcareous or argillaceous, according to the nature of 
the cement which binds the grains together. Its uses are the same 
as those of granite, but a larger proportion of the quantity quar- 
ried is used in building. In 1889, 71,571,054 cubic feet were 
quarried in the United States. 

Bluestone is a very hard, durable, fine-grained sandstone, ce- 
mented together with siliceous material. It is used principally for 
flag and curb stone. In 1889, 5,126,340 cubic feet- were quarried 
in the United States. 

Slate is used chiefly as roofing material and for interior work, 
such as blackboards, table tops, sinks, etc. Slate and slate manu- 
factures to the amount of $3,243,220 were produced in the United 
States in 1897. 

FiiiROUS TALC and compact talc, or soapstone, are extensively 
used, the former for grinding to "mineral pulp," used in paper 
manufacture, the latter for many purposes, usually because it is 
refractory, expands and contracts very little, retains heat well and 
is not attacked by acids. These properties make it valuable in 
furnaces, crucibles, sinks, baths, hearths, electrical switch boards 
and cooking utensils. Talc is also used in cosmetics, refractor}' 
paints, slate pencils, crayons, gas tips, as a lubricant and in soap 
making. 

In 1897 there were produced in this country 58,836 tons of 
fibrous talc and 18,974 tons of soapstone. 



SILICA AND THE SILICATES 345 

The micas, muscovite, phlogopite and biotite, have become of 
great importance as non-conductors in electrical apparatus, and 
are also used in stove and furnace doors. The larger sheets are 
cut and split to the desired size ; the waste is, to some extent, built 
up into plates suitable for certain grades of electrical work, and 
for covering steam boilers and pipes. Large amounts of former 
waste material are now ground and used for decorative interior 
work, to ornament porcelain and glassware, to spangle wall paper, 
in calico printing, as a lubricant and more recently as an absorbent 
of nitro glycerine and in the manufacture of certain smokeless 
powders. Sheet mica to the amount of 92,335 pounds was pro- 
duced in this country in 1897 and 2,692 tons of scrap mica were 
ground. 

AsBESTUS. — The minerals amphibole and serpentine, in their 
fibrous varieties, are known commercially as asbestos, and are ex- 
tensively used as incombustible paper, cloth, cement, boiler and 
steam-pipe covering, yarn or rope for packing valves. Only 900 
tons were obtained in 1898 in the United States. The large supply 
coming from Canada and Italy is the fibrous serpentine, chrys- 
otile. 

Serpentine is, to some extent, mined and used as an ornamen- 
tal stone, but is commercially classed with the marbles. 

Feldspar is crushed in large quantities for admixture with 
kaolin in the manufacture of porcelain. In the United States 
20,900 tons were produced in 1898. 

Quartz is also used in large amounts in the manufacture of 
sand -paper, porcelain, glass, in honcstones, oilstones, and as a 
flux. Its colored and chalcedonic varieties are used as precious or 
ornamental stones. In 1897 the United States produced 750,000 
long tons of quartz and quartz sand. 

Infusorial earth is calcined and made into water filters, pol- 
ishing powders, soap filling and boiler and steam-pipe covering. 

Kaolinite and Cl^vv. — Enormous and varied industries use as 
their raw material the beds of clay which result from the decom- 
position of the feldspars and other silicates. These beds are com- 
posed in part of some hydrous aluminum silicate such as kaolinite, 
but usually with intermixed quartz, mica, undecomposed feldspar, 
oxides and sulphides of iron. Their properties and uses depend 
chiefly upon their composition. Clay products to the amount of 
^56,121,101 were manufactured in 1897 in the United States. 
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The industries include the manuracture of common brick, paving 
brick, fire-brick, and hydraulic cement, all varieties of earthenware, 
stoneware and porcelain, terra cotta, sewer pipes and drain tiles, 
and arc carried on al! over the country and the world. 

Fullers eakth, a special form of clay, was mined in Florida to 
the extent of 17,049 tons in 1897. It is used largely in the refin- 
ing and clarifying of oils. 

The minerals beryl, garnet, topaz, tourmaline, spodum 
titanitc and chrysolite are sometimes found in specimens which ait 
valuable as gems. 

SILICA. 

The minerals composed of silica (SiOj arc Quartz, TBiDVMin 
and Opal, 

QUARTZ.— Agate, Jasper, Chalcedony. 

CoMiiosiTioN. — SiO', (Si 46.7, O s,V3 pc cent.). 

General Descriition. — A hard, brittle mineral which may oc- 
cur as more or less transparent, vitreous masses or as hexagonal 
crystals, and of all colors, but especially colorless, milky, whit^ 
amethyst, smoky and red. Also found in cavities, particularly as 
translucent, non-cr>'staliine layers of gray, yellowish and bluish 
tints and with usually a mammillary, stalactitic or nodular struct- 
ure. Also found as more or less opaque, n on -crystallized material 



Fio. 566. 



Fig. 567. 



Fir. j68. 




containing considerable amounts of iron, and alumina, and often 
highly colored, as red, brown, or yellow. 

In rocks quartz rarely has definite shape, but apparently forms 
last and fills the interstices between the other minerals. 

CRVSTALLiZATiON.^Hexagonal. Class of trigonal trapeiohe- 
dron, p. 44. Axis c= 1.0999. Usually a combination of unit 
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prism »/ with one or both rhombohedra, /> and />, the former gen- 
erally larger and brighter, and the prism faces nearly a'vvays 
Jiorizontally striated. The second order pyramid s= 2a: 2a :a:2c 





requently occurs and rarely the trapezohedral faces x= ^a ■.6a: 
' : 6c either right, Fig. 571, or left. Fig. 572. 

Angles pp = 94° 14'; mp =141° 47'; »ts = 142° 2'; ttix = 
167° 59'. 



Flo. 573- 



Fig. 575- 




Twinned crystals are not rare. Fig. 573 shows two crystals with 
twinning plane the second order prism. Fig. 574, is an inter- 
growth of a right-handed, Fig. 571, and a left-handed crystal, Fig. 
572. Fig. S7S shows twin plane a : 2a : 2a : c, in which the vertical 
axes cross almost at right angles. 

Optically -(-. With low refraction and weak double refraction 
[a = 1.544; J"" •■553 fo'' yellow light). Circularly polarizing. 
Basal sections i mm. thickness turning plane of polarization for 
^Uow light 21.7" to right or left. 
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Physical Characters. H., 7. Sp. Gr., 2.6 to 2.66. 

Lustre, vitreous to greasy. Transparent to opaque. 

Streak, white. Tenacity, brittle to tough. 

Color, colorless and all colors. 
Cleavage, difficult, parallel to rhombohedron. 

Before Blowpipe, Etc. — Infusible. With soda, fuses with 
marked effervescence to a clear or opaque bead, according to the 
proportions used. Insoluble in salt of phosphorus and slowly 
soluble in borax. Insoluble in all acids except hydrofluoric. 

Varieties. 

A. Crystalline Varieties. — Vitreous in lustre, often transpa- 
rent ; occurring in isolated or grouped crystals or drusy surfaces 
or crystalline. 

Rock Crystal. — Pure, colorless or nearly colorless quartz. 

Amethyst, — Purple to violet and shading to white. Fracture 
shows lines like those of the palm of the hand. Color disappears 
on heating, and is probably due to a little manganese. 

Rose Quartz. — Light-pink or rose-red, becoming paler on long 
exposure to light. Usually massive. Colored by titanium or 
manganese. 

Yellow Quartz or False Topaz, — Light yellow. 

Smoky Quartz. — Dark yellow to black. Smoky tint, due to 
some carbon compound. 

Milky Quartz or Greasy Quartz. — Translucent. Usually mass- 
ive. Common as a rock constituent. 

Ferruginous Quartz. — Opaque, brown or red crystals, sometimes 
small and cemented like a sandstone. 

Aventurine. — Spangled with scales of mica, hematite, or goethite. 

Cafs Eye, — Opalescent, grayish-brown or green quartz with in- 
cluded parallel fibres of asbestus. 

B. Chalcedonic Varieties. — With lustre like wax. Translu- 
cent. Not in crystals. Frequently nodular, mammillary, stalac 
title or filling cavities. 

Chalcedony, — Pale blue or gray varieties, uniform in tint. 

Agate, — Strata or bands representing successive periods of depo- 
sition, and frequently of different tints or with irregularly mingled 
colors or visible colored inclusions constituting such sub-varieties 
as banded agate ^ clouded agate ^ moss agate ^ ruin or fortification agate, 
etc. 
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ir Sard. — Blood-red or brownish-red. 

Onyx and Sardonyx. — Parallel layers of lighter and darker color, 
as white and black, white and red, etc. The layers are in planes, 

Chrysoprase. — A pple-green. 

Prase. — Dull leek-green. 

Masmn, Hdiotrope and Bloodstone. Bright to dark-green, 
spotted with white or red dots. 

C. Jasper Varieties. — Opaque, dull in lustre, usually high in 
ipiire from clay and iron. 




D. In addition to these, there are 

Flint. — Smoky-gray to nearly black, translucent nodules, found 
in chalk-beds. 

ToHckslonc. — Velvet-black and opaque, on which metal streaks 
tre easily made and compared. 

Sandstones. — Quartz grains cemented by silica, iron oxide, clay, 
calcium carbonate, etc. 

Quartsiie, compact quartz, granular or slaty in structure. 
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Remarks. — Quartz is chiefly found as an original constituent of such rocks as 
granite, gneiss, etc , formed by igneous or plutonic action, and also, to a very large 
extent, as a deposit from solution in water. Silicates are attacked by carbonated 
waters, forming carbonates of calcium, magnesium, sodium, etc., and leaving a resi- 
due of silica. This, in turn, is soluble in hot solutions of these same carbonates, and 
is dissolved, transported, and, by evaporation and cooling, is redeposited, filling seams, 
cavities, veins, etc. Quartz is the most common of all solid minerals, and occurs with 
almost all other species and in almost all localities. 

Uses. — Aside from the uses of the quartz rocks in building, etc., 
large quantities of quartz are used in the manufacture of sand- 
paper, glass, porcelain and as an acid flux in smelting. The chal- 
cedonic varieties — agate, onyx, etc. — are often polished and used 
as ornaments, and so also are some of the jaspers. Rock crystal 
is used in cheap jewelry, and is cut for spectacles and for some 
forms of optical apparatus. The colored crystalline varieties are 
often cut in cheap jewelry, and the amethyst, when of a particular 
dark purple, is highly valued as a gem. 

TRIDYMITE. 

Composition. — SiO,. 

General Description. — Small colorless, six sided plates. Often in wedge-shaped 
groups of three (trillings), which are sometimes octahedral in appearance. 

Physical Characters. — Transparent. Lustre, vitreous. Color, colorless or 
white. Streak, white. H., 7. Sp. gr., 2.28 to 2.33. Brittle. 

Before Blowpipe, Etc. — Like quartz, but soluble in boiling sodium carbonate. 

Remarks. — Occurs in cavities in volcanic rocks, such as trachyte or andesyte. 

OPAL. 

Composition. — SiOj.^HgO, (HjO, s to 12 percent). 

General Description. — Transparent to translucent veins and 
masses, usually of milky-white or red color and frequently show- 
ing blue, green, red, etc., internal reflections (opalescence). This 
grades into less translucent and opaque masses, with no play of 
color and somewhat resembling chalcedony, but without the wax- 
like lustre. Other varieties are transparent, like melted glass, and 
opaque and earthy. 

Physical Characters. H., 5.5 to 6.5. Sp. gr., 2.1 to 2.2. 
Lustre, vitreous, pearly, dull. Transparent to opaque. 

Streak, white. Tenacity, brittle. 

Color, colorless and all colors. 

Before Blowpipe, Etc. — Infusible. Becomes opaque and yields 
more or less water. Soluble in hydrofluoric acid more easily than 
quartz and soluble in caustic alkalies. 



SILICA AND THE SILICATES. 35 1 

Varieties. 

Precious Opal. — Milky-blue, yellow or white translucent material 
with fine internal reflections, attributed to thin curved lamellae, 
which have been cracked, bent and broken during solidification. 

Fire Opal. — Reddish or brown in color and with reflections hav- 
ing the appe."rance of fire. 

Common or Semi-Opal. — Translucent to opaque, with greasy 
lustre and of all colors, but without opalescence. Most frequently 
yellow or brown. 

Wood Oped. — Petrified wood, the petrifying material being opal. 

Opal Jasper, — Like ordinary jasper, but with resinous lustre. 

Hyalite. — Colorless transparent masses resembling drops of 
melted glass or of gum arabic. 

Geyserite, Siliceous Sinter. — Loose, porous rock of opal silica 
deposited from hot water. Opaque, brittle and often in stalactitic 
or other imitative shapes. 

Fiorite or Pearl Sinter. — Pearly, translucent material found in 
volcanic tufa and near hot springs. 

Tripolite or Infusorial Earth. — Massive, chalk-like or clay- like 
material composed of the remains of diatoms. 

Similar Species. — Softer than quartz and soluble in caustic 
alkalies. May also yield noticeable water in a closed tube. Rarely 
confused with any other mineral. 

Rbmarrs. — Occurs in fissures in igneous rocks or imbedded in limestone, clay- 
beds, etc. Fine precious opals are found at Gem Ciiy, Washington; at Opaline, 
Idaho ; also in Latah County, Idaho, and Morrow County, Washington. Queretaro 
and Zimapan, Mexico, also yield good gems. Other famous localities are Czerwe- 
nitza, Hungary; Bula Creek, Queensland, and Wilcannia, New South Wales, De- 
posits of infusorial earth occur at Dunkirk, Md. ; Richmond, Va. ; Virginia City, 
Mo., also in Connecticut, New Hampshire, New Jersey and California. All of these 
deposits have been worked, but not continuously. 

Uses. — Precious and fire opals are beautiful gems. Opalized 
wood is cut and polished for ornament. Tripolite has many uses ; 
e.g., polishing and washing powders, lagging for boilers, cement, 
soluble glass, and as the dope in dynamite. 

POLYSILICATES. 

The POLYSILICATES may be derivatives of HjSijOj, H^SijO^, 

H^SijOj, and possibly other more complicated silicic acids, or 

they may be formed by isomorphic mixtures of salts of these 
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acids with each other or with the orthosilicatcs or metasilicalcs. 
Many of the polysilicates are so variable and so complex that it 
is impossible to express their composition by formula, and many 
others are designated by formulte which are, at the best, but ap- 
proximations. Under this head comes Petalite, a derivative oi 
H.jSi,0(, and the important subdivision of the Feldspars, deriva- 
tives of H,Si,Og and of fairly definite composition. 

PETALITE, 

Composition,— LiAl( SijO^),, 

Gbmkral Ubsckiptios,— Glasiy white oi gray roliated ami clMvable manct and 
rarely minulc, eolotlMi cryilaU, like pyroxene in form. 

Physical Cti a ractms.— Transparent to Iransliicent, Luslre, vilrccnis. Color, 
coliirlMi, while, gray, occaiionally pink. Sireilt, white, H, 6 to 6,j, Sp. gr., a,jj 
, lo 3.46. 

I Before BLOWPira, Etc— Phosphoresces with gentle hcM; with strong hct^ 
whitens and fuses on the edges and colors the flame carmine. Insoluble in add! 

THE FELDSPARS. 

These are of great importance as rock-forming minerals and 
have a close resemblance in many characters; e.g.: 

Very similar in crystalline form. System cither monoclinic ta- 
triclinic. Prism angles nearly 120°; many of the other angtcft 
closely agreeing. 

Two prominent cleavages inclined at or near 90°. 

Hardness, 6 to 6.5. 

Specific gravitj", generally between 2.55 and 2.7;, 

Composition, R'AISijOj or R"AI,Si30a. or isomorphic mixtures 
of these. 

The feldspars here described are Orthoclase, Mickoclin! 
Albite, OLir,oci.ASE, Labradokivk, Anokthite. 

ORTHOCLASE.— Feldspar, Potash Feldapar. 

CoMTOsiTioN. — KAISiiO,, with some replacement by Na. 

Ge.neral Descrfption. — Clcavable masses, showing angle of 90; 
and monoclinic crystals, of flesh-red, yellow or white color. Also 
compact, non-clcavable masses, resembling jasper or flint. Some- 
times colorless grains or crystals. 

Crvstallization, — Monoclinic. Axes ,9 =63" 57'; « : * : < 
*■ 0,659 -■ ' '■ 0-S5S- Most frequent forms : unit prism m, pina- 
coids b and c and positive orthodomes o— a:^ b: c and y = 
eo ^; 2c. Angles are : mm= 1 18° 47'; cm= r 12° 13'; ra— izg"! 

43>^'; o-^gg" 42'. 
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Twin forms of Carlsbad type Fig. 584 (twinning plane the ortho 
nacotd) very common ; the Baveno type Fig. 585 (^twinning plane 
clino dome) and Mannebacher type (twininng plane the base c), 
ig. 586, less c 



F;g. 582. 



Fig. 583. 




Optically —, with weak refraction and double refraction. Axial 
lane usually normal to &, In thin sections rarely shows multi- 
Ic twinning and is frequently turbid from kaolin. 

hysical Characters. H., 6 to 6.5. Sp. gr. 2.44 to 2.62. 
Lustre, vitreous or pearly. Transparent to opaque. 

Streak, white Tenacity, brittle. 

Color, flesh-red, yellowish, white, colorless, gray, green. 
Cleavage, parallel to c and d, hence at right angles. 

Before Blowpipe, Etc. — Fuses in thin splinters to a semi-trans- 
irent glass and colors flame violet. Insoluble in acids. 

ARIETIES. 

Ordinary. — Simple or twinned crystals of nearly opaque pale 
tJ, pale yellow, white or green color. More frequently cleavable 
lassive as in granitic rocks. 
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Aduiaria. — ^^Colorless to white, transparent, often opalesccESt 
Usually in crystals. 

Sanidine and Rkyacolke. — Glassy, white or colorless crystals it 
lava, trachyte, etc. 

Loxoclase. — Grayish-white or yellowish crystals, which hav^ a 
tendency to cleave parallel to the ortho pinacoid. 

Felsite. — Jaspery or flint-like masses of red or brown color. 

SiMiLAK Species. — Differs from the other feldspars in the cleai*- 
age at 90°, the greater difficulty of fusion, the absence of stria- 
tions, etc. 

Remarks — Usually or igneous origin, sometimes secondary. With mica a.i"' 
quartz it (ara\% the important rocks granite, gneiss, and mica schist, and is also ^''* 
basis of syenite, trachyte, porphyry, etc. It changes to kaolin quartz, opal, epidote s*"" 
muscovite, hy the removal of bases through the action of acid waters. Orthoclis^ " 
quarried at South Glastonbury and Middletown, Conn. ; Edgecomb and Brunsw'^'- 
Me.; Chester, Mass.; Brandywine Summit, Pa.; Tarrytown and Fort Ann, N. V- 

UsES.—lt is one of the constituents of porcelain and chinawa*"^- 
chiefly to form the glaze, but partly mixed with the kaolin a-«^'' 
quartz in the body of the ware. 

MICROCLINE. 

COMlttSLTION.— KAlSijOj. 

General Descrhtcos. — Like orlhoclase, eicepi that llie macro axis is al ^^ 
30' lo the veilical instead of 90°, and the basal cleavage often shows tine striati*^"^' 
In (hin basal sections between crossed nicols i[ shows a peculiar inlerlaeed structure '^ "^ 
lo two sefies of twin lamellae which cross nearly al righl angles as in Fig. 587. 

.. o (.>pticaUy — , Axial plane nearly normal to the bra«=^y 

pinacoid. 

I'uvslCAL Characteks. — Essentially as in orthoclase. 
Sp. gr. 2-54 10 2,57, and cleavage al %gP 30' instead of 9*^ 
Bekoke BLOWfirE, Eti:. — As for orthoclase. 
Rkmarks.— Includes varieties, Amazon stone, pertbitc, j 
chestcrlite, etc., formerly grouped under orthoclase. Often J 
Liileriaminated wi'h albilc or orthoclase. f 




diuin- potassium feldspar found mainly in ihe lavas oi 
liardntss the same as for olher feldspars, Gcatngc 
close to 90°. Sp. gr., 2.59. Disiinguj.ihed by its 0])lical cliaraclers. 

ALBITE.— Soda Feldspar, Pericline. 

CuMi'o.-iTiuN.— XaAlSi.p,. 

GENiiKAL Ui'i.-iCKiPTioN. — Purc whitc, granular, masses or in 
straight or curved lamins;. Less frequently in white or colorless 
triclinic crystals, usually small. 
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Crystallization. — Triclinic. Angles a =94° 3'; /9= 116° 
29'; 7- = 8S° g'. Axes a:li:c = 0.633 : i : 0.558. Simple forms. 
Fig. 588, usually show both hemi prisms wand M. base c. brachy 
pinacoid b and other modifying planes. Angles niM^ 120° 46'; 
em= 1 14° 43';fjlf= 1 10° 50'; bm= 119° 34'. 



Eio. s88. 



Fig. 589. 




Twinning by albite law (twinning plane b). Fig. 589, if repeated, 
results in striations on c, while by pericHne law (twinning axis, 
the macro axis). Fig. 590. the striations are on b. 

Optically +, with weak refraction and double refraction. Thin 
sections with polarized light show parallel bands due to the twin 
lamella;, and characteristic extinction angles. 

Physical Characters. H,, 6 to 6.5. Sp. gr., 2.62 to 2.65. 
LusTKE, vitreous. Transparent to opaque. 

Streak, white. Tenacity, brittle. 

Color, pure white, colorless, or tinted blue, gray, red, green. 
Cleavage at angle of 86° 24'. 

Before Blowpipe, Etc. — Fuses in small pieces to a white 
enamel and colors the flame deep yellow. Insoluble in acids. 

Similar Species. — Differs from other feldspars in whiteness. 
granular, and lamellar structure and strong yellow (lame. 

Remarks. — Ftequenlly found in cavilies and scnnis in granitic and scliislose tocks, 
especially those high in silica, often enclosing the rater niineials, toumialine, beryl, 
chiysoberyl, lopai, etc. Is chief consiiiuetii of dioriie. Not ensily altered. 

OLIGOCLASE.-'Soda Lime Feldspar. 

Composition.— "(NaAlSijOg) + CaAl,SiA- « = 2 to 6. 

General Description. — Cleavable mas,ses, usually with fine 
striations on the basal cleavage surface. Color greenish-white, 
also in reddish or grayish ma.sses, sometimes with fire-like reflec- 
tion.s (sunstone). Less frequently in triclinic crystals. 
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Physical Characters. H,, 6 to 7. Sp. gr., 2.65 to 2.67. 
Lustre, vitreous or pearly. Transparent to opaque. 

Streak, white. Tenacitv, brittle. 

Color, greenish, white, gray, reddish, yellowish. 
Cleavage, at angle of 86'' 32'. 

Before Blowpipe, Etc.— Fuses rather easily to a clear or 
enamel-like glass. Insoluble in acids. 

Remarks. — Of igneous origm, occurring witli onhoclue iml albile in rocbof 
the granite type and id Uva!, tncbyU, Mrpentine, etc. Il lllers lo cpjdolc. oitraUu, 
elc. Good cryiials arc found at Boe and McComb, Si. Lawrence Coiimy, N. V. 



LABRADORITE.— Lime Soda Feldspar. 

Composition.— NaAlSIA + «(CaAI,SiA^- « = i. 2, or 3. 

General Description. — Dark gray cleavable masses, whicl£ 
frequently show beautiful changing colors, blue, gold, red, etc 
Less frequently in small triclinic crystals or colorless and glassf 
or granul.ir to flint-like. 

Physical Characters. H., 5 to 6. Sp. gr., 2.7 to 3.72. 
Lustre, vitreous or pearly. Translucent to opaque. 

Streak, white. Tenacitv, brittle. 

Color, dark gray, greenish, brown, colorless, white. 
Cleavage, at angle of 86° 4'. 

Before Blowpipe, Etc. — Fuses rather easily to colorless glasi, 
Partially soluble in hydrochloric acid. 

Rehariu. — Labradorile Is of ignenui origio, usually acconpanted by 
unphibule, meoaccaniic or magnetite, forming the gabbrot, doletylu, and oUier 
rocki; bat ii notably nlucnt in localities conuining orthoclasc and qurti. 
readily tozcollin, calciie, daiutiic, etc. Pound abundantly in (he Adirondu 
in the Wichita Mountains, Ark., in Quel)eG%nd in Labrador. 

Uses. — It is polished for ornaments, table tops, inlaid work, et( 



ANORTHITE.— Indianite, Lime Feldspar. 

Composition.— CaAl,Si,0,. 

General Description. — White or red granular masses (indian- 
ite). small to rather large, glassy, colorless, white, or rcddisb 
yellowish triclinic crystals and gray or pink cleavable masses. 
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Physical Characters. H., 6 to 6.5. Sp. gr., 2.74 to 2.76. 
Lustre, vitreous. Transparent to opaque. 

Streak, white. Tenacity, brittle. 

Color, white, colorless, gray, yellow, red. 

Cleavage, at 85° 50'. 

Before Blowpipe, Etc.— Fuses with difficulty to a colorless 
glass. In fine powder, is decomposed by hydrochloric acid, some- 
times with gelatinization. The solution will yield a copious white 
precipitate on addition of sulphuric acid. 

Remarks. — Frequently of volcanic origin, often enclosing grains of chr3rsolite. 

THE METASILICATES. 

The Metasilicates are derivatives of H^SiOj, and are described 
in the following order : 
Leucite. 
Pyroxene Group. — Enstatite, Hypersthene, Pyroxene, Spodu- 

MINE, WOLLASTONITE, PeCTOLITE, RhODONITE. 

Amphibole. 

Beryl. 

Cyanite. 

loLiTE is an intermediate species between metasilicates and 

orthosilicates. 

Many of the hydrous silicates are also derivatives of metasilicic 

acid. 

LEUCITE. 

Composition. — KAl(Si03)2. 

General Description. — Gray, translucent to 
white and opaque, disseminated grains and trap- 
ezohedral crystals in volcanic rock. 

Crystallization. — Isometric externally, but 
with polarized light, showing«double refraction 
at all temperatures below 500° C. 

Physical Characters. H., 5.5 to 6. Sp. gr., 2.45 to 2.50. 
Lustre, vitreous to greasy, Translucent to opaque. 

Streak, white. Tenacity, brittle. 

Color, white or gray, or with yellowish or red tint. 

Before Blowpipe, Etc. Infusible. With cobalt solution, be- 
comes blue. Soluble in hydrochloric acid, leaving a fine powder 
of silica. 



Fig. 591. 
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Rekabks. — A constituent of UvM, MMnelina the chkf conMitacM. B]t •hcniiOB, 
cb«oees to kaolin, mica, nqdieliW, oithoclue, iiiuru, etc It U not commog tn 
Anerica, but ii found in ihc Leudic KilU, Wyoming, and aUo in the noithweimn 
put of ibe Mine Slat*. Very common in the Vesuvian lavas. 

Uses. — Leucite rock has long been used for millstones. 

EN STATIT B.— Broniile. 
CoiiTOSlTloN.— ( Mg-Fe) SiO,. 

GcNEKAL Description.— Brownio gray or green, lamellar or fibrous maiaes, imt 
sometimes a pecnliai meulloidal lustre (broniile). Rartlf in eoli 

PHVsit:AL Chakacters. — Ttanituccnt to opgujoe. Liutre, ptwly, nikgp or 
loidal. Color, brown, green, gray, yellow. Streak, while. H., J.J. Sp.£r., 3,1 
Brittle. 

Before Blowpipe, Etc. — Fusible on the edges. Almost insoloble in acids. VTiA 
cobalt solution ii lurDed pink. 

Reuarks,— It is rare in ^uortiose rocks, but occun frrqaemly in 
with chrysolitic, basallic and pa""'" eruptive rockx. Ucdors ahu 
choadrodite, apalite, talc, etc. By alteration ii fomii setpentine, talc, and limoniie. 

HYPERSTHENB. 
CoKMaiTiON — [Mg.Fe)SiO,, with mote iron than eoiialilc^ 

GmuAL DEscHimos.— Dark-gieen lo hiack. folliied masses ot rare oitborboB* 

' ViK a^tiL<i, which gnde inio cntuitite. Freijuently ibuws a peculiar iride»oence, dat 

10 nJnate inlenpersed crystals. 

Physical Characteks.— TrBusluccni to o[ia(]ue. Lustre, pearly or melailoidal 
Colur, dark-green to black. Streak, gray. 11.. 5 lo 6. Sp. gt, 3,4 lo 3.5. Brillte^ 
Before Blowpipe, Etc — Fuses on coal 10 a black, magnetic mass, I^ntaltf 



•oluble in hydrochlor 
Remarks.— Hyptrslhen 



critoin granular eruptive rock*, gaUirab 



In thin sections hypenlhene is often nrongly pleochmc while 
weakly so. Hypersthene often also includes talinlar brown scales. 



BASTtTF.^An alteration produc 
usually filiated and of ■ yellowish 
luilre on the cleartgc surface. 11, 



of enstalile nc 
3.5-4. Sp. gr 



r serpentine in composition- 

r and has a peculiar brofm-Ula 



PYROXENE.— Augite. 

Composition.— RSiOj. R = Ca, Mg, Mn, Fe, Al, chitrfly. 

General Description. — Monoclinic crystals. Usually shorl 
and thick, with square or nearly square cross-section, or octagonal 
and with well -developed terminal planes. Granular, fojiated acid 
columnar masses and ranly fibrous. Color, white, various shade* 
of green, rarely bright green, and black. 

Crystallization, — Monoclinic. ,i = 74° 10'. Axes <i :^:i 
= 1.092 : 1 :o.589. 
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Coininon forms : unit prism m, the pinacoids a, b and c, the 
«gative and, more rarely, the positive unit pyramids "p and /, the 




Diopside, Diopside. Fas 

Pitcaim, N. Y. Rossie, N. Y. De Kalb, N. V. 




Fig. 599. 



^gative and positive pyramids v and v = d:b: 2c. Angle; 
■*JM=87° 10'; pp — 131° 31' i pp= 120° 49' ; w =. in' 
^=9S°48'; cp= 146" II'; ?p= 137° 58'; 
"Z/ = 1 30° 6' ; cv= 1 14° 39'. 

Contact twins, twinning plane o. Fig. 598, 
ire common. Also twin lamellaa parallel r, 
shown by striatlons on the vertical faces and 
by basal parting. Fig. 599. Optically +. 
Axial plane b. Strong double refraction. 
Varying axial angle. Usually not strongly 
pleochroic. Kussell, n. v. 

Physical Characters. H., 5.6. Sp. gr., 3.2 to 3.6. 
Lustre, vitreous, dull or resinous. Opaque to transparent. 
Streak, white to greenish. Tenacity, brittle. 

Color, white, green, blaclc, brown. 
Cleavage, prismatic (angle ^y° 10'). 
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Before Blowpipe. Etc. — Variable. Usually fuses easily to 
dark Klass, sometimes to magnetic globule. Not generally solu- 
ble in acids. 

Vakieties. 

Malacotite or Diof-siJc—CAM s{SiO,\, Usually while or pal<S 
green. 

HcdeiibcrgiU. — (Ca.Fe)(SiO,),, Grayish -green. 

Augite. — Chiefly CaMg(SiOj)„ but containing also Al and Ft 
Dark-green to black, and many others which grade into each oUkt 
imperceptibly. 

Diatiage. — Thin foliated pyroxene, green or brown in color. 

SiuiLAK Species. — Differs from amphibole, as therein described. 

RaUBK^. — Neil if> the f«Id»p«fi, pyioKenc a tlw niMl common onMituini of 
i|>iieoiu To<ki. ll DCGUn kIid Id ciyilillint limutonc* uid dolomite*, snd utuklly of 
tonu light-t;n.-en or «hil« culor ((liu)i«tite). In lerprolinc It ii apt to be Umdlif 
diallBfic In (■riiiiu It It utunlly ETceti, nnU in cniptivc ruck> U ilark-grcca ui MacIc 
mugilr. ll alien to chlotile, scqitntliie, unphiboU. etc, 

ACMITE. ^Kirite. 

Omw»irioK.— N»Fe(SiO.),. 

GKNKitAL DiactiMios. — Occun in long, [irismiiic cry>l*li of dark green m d«i 
brown mtor. In ■cmile ihcH: in: loilelir leimiDnlcd nod in ii^rilc, bluirilT. A)h> 
(uDnd nmllr-like anil tilitnii" 

Optically — . Axial plane the plane of symmetry. Acuie biiectrii nearly nonnil 
to the base. Strongly pleochroic. Small cilinction angle in sections parallel !□ the 
plane of symmclry. 

Physical C h a k acted s.— Translucent. I.iulre, viireous. Color, green to dub 
brown, sometimes green on interior and brown on exterior of crystal. Streak, yellowish. 
H.. 6-6.5. Sp. Br.,3.S 

ttlFOKF. Blowi'IPC, H Tc. — t'u.ics easily lo a black, ilighlly magnetic globule, and 
colors the llame yellow. Only slightly aflecled by acids. 

SPODUMENE. 

Composition. — LiAt(Si03),. with some sodium replacing lithium. 

General Description.— White, greenish-white and rarely em- 
erald-green, monoclinic crystals, sometimes of 
enormous size. Also in masses. Character- 
ized by breaking in broad, smooth plates, in 
addition to regular prismatic cleavage. 

Crystallization. — Monoclinic. Axes a : d 
:'<-= 1.124 : 1 ; 0.636 ; y? = 69° 40'. Common 
forms : the pinacoids a and i, the unit prism, w. 
unit pyramid /•, the pyramid v^a-.i: 2 f and the 
clinodomc ( = 00 a: b: 2c. Angles: mm'= 
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Z7^'^ //=ii6° 29'; w^gi^ 2& ] €c^y2^ 36'. Optically +. 
Axial plane b. 

Physical Characters. H., 6.5 to 7. Sp. gr., 3.13 to 3.20. 
Lustre, vitreous. Transparent to opaque. 

Streak, white. Tenacity, brittle. 

Color, white, pale- green, emerald, green, pink, purple. 

Before Blowpipe, Etc — Becomes opaque, intumesces, swells 
and fuses to a white or colorless glass, coloring the flame purple- 
red, especially with hydrochloric acid. Insoluble in acids. 

Similar Species. — Distinguished by its tendency to split into 
thin pearly plates and by the red flame. 

Remarks. — Occurs in granitic rocks with garnet, tourmaline and the granite min- 
erals, quartz, feldspars and micas. It alters readily to a mechanical mixture of albite 
and mica. Important localities are Stony Point, N. C. ; Chesterfield and Huntington, 
Mass. ; Branchville, Conn. ; Pennington County, S. D., etc. 

Uses. — The variety Hiddenite is used as a gem. 

JADEITE. 

Composition. — NaAl (SiO,),. 

General Description. — Tough, compact translucent material of dark to pale 
green color. 

Physical Characters. — Translucent. Lustre, vitreous to pearly. Color, shades 
of green to nearly white. Streak, while. Very tough. H., 6.5-7. Sp. gr., 3.33-3.35. 

Before Blowpipe, Etc. — Fuses easily to a transparent glass. Not attacked by 
acids. 

Uses. — Is used as an ornamental stone. Also in prehistoric implements and orna- 
ments. 

Remarks. — It is one of the minerals included in the term jade, and occurs in place 
in Burma and possibly in China. 

WOLLASTONITE. 

Composition. — CaSiOg. 

General Description. — Cleavable to fibrous white or gray 
masses. Also in monoclinic crystals, near pyroxene in angle. 
Sometimes compact. Usually intermixed with calcite. 

Crystallization. — Monoclinic. Axes a : 
b : t ^ 1.053 : I : 0.967 ; /? = 84° 30'. ^^^-^i 

Common forms : unit prism ;;/, unit dome o, 
pinacoids a and c and prism ^ = ^ : | 3 : co r. 
Angles are: mm=%y^ 18'; ^^ = iio^6';r^ 
= 139° 57'. Optically — . Axial plane b. Harrisvilie, N. Y. 
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Physical Characters. H., 4.5 to 5. Sp. gr., 2.8 to 2.9, 

Lustre, vitreous to silky. Translucent. 

Streak, white. Tenacity, brittle. 

Color, white, gray, or light tints of yellow, red, brown. 

Cleavage. — and / - 7 at angle of 84° 30'. 

Before Blowpipe, Etc. — Fuses with difficulty, coloring the 
flame red. Soluble in hydrochloric acid, generally efTcrvesdng 
and always gelatinizing. 

SiMii^R Species. — Differs from pectolite and natrolite in red 
flame, difficulty of fusion, and absence of water. Trcmolitc does 
not gelatinize. 






Rkmarks.— Occun ia grinulc 
garnet, etc, By the ncii 
calcilc or gy{»um. 



t, basalt, tuvi, etc.. with (lyioitM,, 
3r sulpbuntied wsien li chantH 



PECTOLITE. 



>r gray radl- 
; needles and fibres oT all lengths up to one 
jmd. Also in (ougli compacl taaues and rarely 
in nuHKidiiiic cryilali. 

Physical CHAKAcreRs.— Translueeiii to 
opaque. Lustre, vilreous at silky. Color, white 
ot (jray. Slreak, white. H., J, Sp. gr., a-6S 
103.78. Brillle. 

BEt-OHB Blowpipe, Etc.— Fuies easily to a 
white enamel. Yields walet in closed luhc. 
Gelatiniiet with hydrochloric add. 




s and sfiM of y 



*ilh jteolilcs, prehnile. etc., 

RHODONITE. 

CoMPOsniox, — MnSiO,. with replacement by Fc, Zn or Ca. 

General Descriptiov — Brownish red to bright red, fin 
grained or clcav.-ible masses and disseminated grains, often extep 
nally coated with a black oxide. Sometimei 
in triclinic cr>'stals either tabular parallel C 
•- or sometimes like the forais 

Crvstallizatios. — F^. 603 shows thrt 
pinacoids a, d and r. the hcmi unit prisms 1 
and M, and two quarter pyramids r-, ^^^ ^ 
oi a : b : zc. The important angle 
wj/— 87° 32'; cfl*— 111° 15', cMm 

FnaafcliD t'anuec. 93^ 17' ■ 
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Physical Characters. H., 5.5 to 6.5. Sp. Gr., 3.410 3.68. 

Lustre, vitreous. Transparent to opaque. 

Streak, white. Tenaciti', brittle. 

Color, brownish-red to flesh-red, bright-red, greenish, yellowish. 

Cleavage, prismatic, angle 87° 38' and basal. 

Before Blowpipe, Etc. — Blackens and fuses easily with slight 
intumescence. With fluxes reacts for manganese and zinc. In 
powder is partially dissolved by hydrochloric acid, leaving a white 
residue. If altered may eiifervesce slightly during solution. 

Similar Species. — Rhodochrosite is infusible, dissolves com- 
pletely with effervescence in warm acids. Red feldspars are less 
fusible, and do not give manganese reactions. 

Remarks. — Occurs wilii iron-ore, franklinite, letrahedrile, etc., and is dlered hy 
l^hl, air, and carbonaled waters lu the osides and the carbonates, 

AM PHI BOLE. —Hornblende. 

CoMPO.siTio.v, — RSiO^, R generally stands for more than one 
of the elements, Ca. Mg, Fe, Al, Na and K. 

General Description. — Monoclinic crystals usually with acute 
rhombic section ; columnar, fibrous and granular masses, rarely 
lamellar, sometimes radiated. Colors white, shades of green, 
brown, and black. 

FtG. 6ofi. 
Fir,. 604, Flu. fxi'S- ----<7^S^ 




— Monoi 






=0.551 : 1:0,294; 



Crystallization,- 

^ = 73" 58'. 

Common forms : unit prism m. pinacoids 6. c and sometimes a. 
unit cliiio dome (/ and unit pyramid /, Angles are: w/w = 124° 
11'; f)« = 104° 8' ; (/(/= 148" 28' ; //I = 148° 19'. Twinning 
as in pyroxene, p. 359. 

Optically -I-, axial plane b. Strong double refraction. Often 
strongly pleochroic, 
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Phj^cal Characters. H., 5 to 6. Sp. gr.. 2.9 to 34. 
Lustre, vitreous to silk>-. Tkaksparevt to apai|ac. 

Streak, white or greenish. Tenacity, brittle to to^h. 

Color, white, gray, green, black, brown, j-ellow and red. 
Cleavage, prismatic, angle of 124"* 11'. 

Before BijOn-piPE. Etc — Varies. Usually fuses casSjr to a 
colored glass, which may be magnetic. Not afltcted by adds. 

Varieties : 

TrtmoliU. — CaMg^SOJ,, white to gray in color. 

ActiMoliU. — Ca(Mg.FeVSiO,l,. bright green or grayish-green. 

Hambltnde and EdemU. — Aluminous varieties, black or gteeai 
in color, with lustre something like horn. 

All of these occur in crystals and columnar to fibrous. 

Nef^rite or Jade is compact and extremely tough^ mieroscoi 
cally iibrous, may have composition of tremolile or actinolite. 

Asitsius is in fine, easily separable fibres, white, gray, or grceniil 

Similar Species. — Differs from tourmaline in cleavage. ■ 
line form and tendency to separate into &bre$. The diflercnoc 
between it and pyroxene are : 

Amphibole, prism angle and cleavage 124°; tough, often f 
rous, rarely lamellar, oilcn blade-like or pseit do-hexagonal cry.stalu 
Pyroxene, prism and cleavage angle 87° ; brittle, rarely fibrous 
often lamellar crystals, square or ocUgonal. 

Reuakks.— Ocean "ith pyroxene, siipeniine. laic, nugneliic, qiiwti. the fdi 
spats, elc, and iotmi by alietalion, epidWe. wrpenline. tile, chlorite, iroa-ofo, «tc, 

Muehof ihemMerial [asiinE under ihe name of ubestu« u 6Uoiu sopmine. 11 
bc« of ihe pure loaleriil if. imported from Germanjt and Italy. rtiMladllg vuba h 
the United States are located in California. W;<>aiin|> and Oregon. Notlb Oiotia^ 
Geoi^a. Pennsylvania and other Slates h4ve large deposit*, bm the qaalUj ud 
of occurrence flo not allow il ta be profitatil]' mined at pre^DL For atott 
the fibrous serpentine of Canada is superior to anjt American asbeslgs. 

Uses. — Asbestus is made into cloth and boards, which arc in- 
combustible and are good non-conductors of heat. It is tised for 
roofing, coverings for steam pipes, piston packing, theatre curtains. 
firemen's suits, fire-proof paints and cements, and for lining safes. It 
is made into yarns, ropes and paper for fire-proof purposes. 

Nephrite or jade has had many uses in prehistoric times and in 
historic times among semi-civilized or non-civilized nations. It is 
the toughest of all known stones and in the stone age was used 
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for weapons and tools. In China and India and in ancient Mexico 
it was carved into ornaments, symbols of authority, sacrificial ves- 
sels, etc. It has had a false value as a cure for kidney diseases, 
and both its names are derived from words meaning ** kidneys." 

Glaucophane, A sodium amphibole NaAl(SiOs)2.FeMgSiO, blue in color and 
^^corring in indistinct prisms or in columnar and fibrous masses especially in metamor- 
Pliic schists. Crystals show distinctly different colors when viewed by transmitted 
''Sbt through difierent faces. 

Uralite. An amphibole pseudomorphic after pyroxene, having the crystal form of 
f^3'>oxene and cleavage of amphibole. 

Crocidolite. A blue to green asbestos like amphibole. An altered South African 
^innof the compact mineral which has a peculiar changeable lustre is often used as 
* crbeap gem under the name of ** tiger's eye." 

BERYL. — Emerald, Aquamarine. 

Composition. — Gl.,Al2(Si03),,. 

General Descpiption. — Hexagonal prisms, from mere threads 
^o several feet in length. Usually some shade of green. Some- 
times in columnar or granular masses. Harder than quartz. 



Fig. 610. 



Fig. 607. 



Fig. 608. 



:;r.:--^?' ••-• 




i-v.- 





v. . 



Crystallization. — Hexagonal. Axis ^' = 0.499. Usually prism 
;// with base c sometimes with unit pyramid p or second order 
form e ^s^ 2a\ 2a\ a\ 2c, Angles cp = 1 50° 4' ; re' = 1 35° 4'. 

Optically — . Low refraction and very low double refraction 
(a =1.5659; j-= 1.5703 for yellow light). 

Physical Characters. H., 7.5 to 8. Sp. gr., 2.63 to 2.8. 
Lustre, vitreous. Transparent to nearly opaque. 

Streak, white. Tenacity, brittle. 

Color, emerald to pale-green, blue, yellow, white, red, colorless. 
Cleavage, imperfect basal and prismatic. 

Before Blowpipe, Etc.— Fuses on thin edges, often becom- 
ing white and translucent. Slowly dissolved in salt of phosphorus 
to an opalescent bead. Insoluble in acids. 



366 DESCRIPTIVE MINERALOGY. 

Varieties. 

Emerald. — Bright emerald green, from the presence of a li tT~l *r 
chromium. 

Aquamarine. — Sky-blue to greenish-blue. 

Goshenite. — Colorless. 

Similar Species. — Harder than apatite, quartz or tourmaliae. 
Differs in terminal planes from quartz. Lacks distinct cleavage 
of topaz. 

Remarks. — Occnn in granite, mica-schisi, clay.slate, etc., frcqueally penetrating 
tlie other minerals, showing that it was formed berore (hem. It is auociated witJi 
quartz, micas, feldspars, garnet, corundum, zircon, etc. By alteratioa, il forms kax>- 
liaite, muscovite, etc. Beryls are especially abundant at Ackworth and Grafton, N. FI. ; 
Royalston, Mass.; Paris and Stoneham, Me.; Alexander County, N.C.; the Black 
Hills of Sonlh Dakota, and Litchfield, Conn. Those at Ackworth and Gi^non arc 
sometimes of immense size. One crystal, near the railroad station of Grafton Centre, 
measures 3 feet 4 inches by 4 feel 3 inches on horizontal section, and is exposed for 
over 5 feet. Good emeralds have been obtained in ihis country from Aleunder 
County, S. C, and especially from Stony Point. Aquamarines and other gem speci- 
mens have been obtained at Paris and Stoneham, Me.; Mount Antero, Colo., and 
several places in North Carolina. Emeralds of finest quality are obtained Dcai Miasi^ 
United States of Colombia, also from India, Brazil, Siberia and Australia. 

Uses. — Emerald and aquamarine are cut as gems, 

CYANITE.— Kyanite Fig. 609. 

Composition. — (A10)jSi03, probably a basic 

metasilicate. * 

General Description. — Found in long triclinic 
blade-like crystals, rarely with terminal planes. 
The color is a blue, deeper along the center of 
the blades, and at times passes into green or white. 
Physical Characters. H., 5 to 7. Sp. gr., 3.56 to 3.67. 

LusTKE, vitreous. Translucent to transparent 

Streak, white. Tenacity, brittle. 

Color, blue, white, gray, green to nearly black. 

Cleavage, parallel to the three pinacoid?. 

Before Hlowpipe, Ktc. — Infusible, with cobalt solution be- 
comes blue. Insoluble in acids. 

KkiiaRK-.. — Occurs chiefly in gneiss and mica schist, and must have been formed 
below 1300°, as at this teniperalure it is thanged into lilirolite, It is associated wilh 
pympliyllilc. andalusilc. cuninduin, elc, and i^ found Ihrougboul the corandum 
regions of Massaeluistlls, Pennsylvania, North C.iroHna, and (icorgia. 

* Dana places cyanile with ihe orthosilicales for convenience. 
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twelve-sided orthorbombic prisms and 
massive, e'assy, quarttlikc material. Usually blue in color. The color is often deep 
blue in one direction and gray or yellow in a direclJon at right angles with the tirs!. 

Phvsical Characters. — Transparent or translucent. Lustre, vitreous. Color, 
light to smoliy blue, gray, violet or yellow. Dichroic. Streak, while. H., 7 to 7.5. 
Sp. gr., 2.6 to 1.66. Brittle. Cleaves parallel to brachy pinacoid. 

Before Blowpipe, Etc — Fuses with difiicutly, becoming opaque. With cobalt 
soluiion becomes blue-gray. Partially soluble in acids. 

Remarks.— Occurs in gneiss and sotnelitnes in granite, rarely in volcanic rocks, uid 
is formed by contact with igneous mritter. ll is easily altered to a soft lamellar or 
fibrous material of green or yellow color, and is rarely found entirely unaltered. 

ORTHOSILICATES. 

The Orthosilicates are derivatives of H,SiO,. as Zircon, ZrSiO^; 
Phenacite, GljSiO^. Isomorphic mixtures are well represented by 
Biotite, (H.K)2(Mg.Fe)Al,(SiO.),; acid salts by Prehnite, H^Ca,- 
AUSiOJj. and basic salts by Sillimanite, A!(A10)SiO,. Haiiynite 
is an example of a crystalline mixture of an orthosilicate and a sul- 
phate. As a rule, the orthosilicates are less stable than the meta 
silicates. 

The orthosilicates described here are : Nepheute, Hauynite, 
Lazurite, Garnet, Chrysolite, Phenacite. Wernerite, Vesu- 
viANiTE, Zircon, Topaz, Andalusite, Sillimanite, Datolite, 

EpIDQTE, AlLANITE, PREHNITE. 

Biotite, Phlogopite and Muscovite, although derivatives of 
ortbosilicic acid, are, according to the system of Dana, classified 
as hydrous silicates, while the probable orthosilicates, Chondro 
DiTE and Staurolite are classed as subsilicates. 

' NEPHELITE.— ElsEolite. 

Composition.— 7 NaAlSiO. + NaAl(SiOj)j. With partial re- 
placement of Na by K or Ca. 

General Description. — Small, glassy, white or colorless grains 
or hexagonal prisms wilh nearly flat ends, in lavas and eruptive 
rocks, or translucent reddish-brown or greenish masses and coarse 
crystals, with peculiar greasy lustre. 
Physical Characters. H., 5.5 to 6. Sp. gr., 2.55 to 2.65. 

Lustre, vitreous or greasy. Transp.arent to opaque. 

Streak, white. Tenacity, brittle. 

Color, white, colorless, reddish, brownish, greenish or gray. 

Cleavage, prismatic and basal. 
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Before Blowpipe, Etc. — Fuses to a colorless glass. Wli.^x7 
heated with cobalt solution, becomes blue. Soluble in hydi 
chloric acid, with residue of gelatinous silica. 

Varieties. — The usually massive varieties, with greasy lust 
are called elasolite. 

Remarks. — Nephelite occurs in eruptive rocks and lavas. Ebeolite occurs in 
granular, crystalline rocks such as syenite. Nephelite alters easily and is the soiatcc 
of many of the zeolites. Austin, Texas ; LitchHeld, Me., and the Ozark Mountains, 
Arkansas, are important localities of elseolite. Nephelite is abundant in the ]ava,:s of 
Vesuvius. 

CANCRINITE. 

CoMPOSiTioN.--HgNa^Ca(NajC03)jAly(SiOj9. 

General Description. — A yellow to white (rarely blue) massive mineral us»-::»aUy 
associated with elxolite and blue sodalite. Rarely in hexagonal prisms. •Opticall;^^*' — • 

Physical Characters. — Translucent to transparent. Lustre, vitreous. C'^«:=>lor> 
yellow, pink, blue, green, gray and white. Streak, white. H., 5-6. Sp. gr., 2.4 '^^' 

Before Blowpipe, Etc. — Fuses easily with bubbling to a white glass. V^ '^^^ 
water in closed tube. Effervesces in HCl when warmed, and if previously ignit=^ «ii^ 
yields a jelly on evaporation. 

Remarks.— Found at Litchfield and Gardiner, Me.; Miask, Urals; Brevik, ^w- 
way and other localities. 

SODALITE. 

Composition.— Na4(AlCl)Al.^{SiOj3. 

General Description — Bright blue to gray masses and embedded grains. Con- 
centric nodules resembling chalcedony and rarely dodecahedral crystals sometime^ ^^^ 
pale pink color. 

Physical Characters. — Transparent to translucent. Lustre, vitreous to gr^^T. 
Color, blue, gray, nearly white, pale pink. Streak, colorless. H., 5.5 to 6. Sp. &>, 
2. 14-2.30. Brittle. Cleavage, dodecahedral. Index of refraction, yellow light, I.4S2/. 

Beforp: Blowpipk, Etc. — Fuses to a colorless glass. In closed tube the blue varie- 
ties become white and opaque. Soluble in hydrochloric acid with gelatinization. 

Remarks. — Found at Litchfield, Me., various localities in Montana, Quebec, and 
Ontario ; also occurs in Vesuvius lavas, at Kaiserstuhl, Baden ; and Miask, Urals. 

HAUYNITE. 

Composition.— 2(Na2Ca)Al.,( SiO^^j- (Na.,.Ca)S04 possibly, but very complex and 
with varying proportions of Na and Ca. 

General Description. — Glassy blue to green imbedded grains, or rounded iso- 
metric crystals in igneous rock. 

PnvsKMAL Characters. — Translucent. Lustre, vitreous or greasy. Color, bloc. 
green, red, yellow. Streak, white. H. 5.5 to 6. Sp. gr., 2.4 to 2.5. Brittle. 

Before Blowpipe, Etc. — Puses slowly to a white glass, which will blacken silver. 
Gelatines with hydrochloric acid. 



Xosclite. — Like haiiynite but containing little or no lime. 
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LAPIS LAZULI or LAZURITE.-Nai 

E of sodium and all 



Ultramarine. 

Composition. — An onhosilicaie of sodium and aluminium, wiih a sulphale and 
^ polyaulphide of sodium. 

f^E!lER*L DesCKIPTIOS.— Deep- blue masses inlimately mixed with other minerals. 
Rarely in isometric forms. 

Physical Characters. — Translucent. Lustre, vitreous. Color, deep-blue, violet 
^nii peenish-blne. Streak, vihile, H., 5 to 5,5. Sp. gr., l.jS to 3.45. Brittle. 

Before Blowpipe, Etc — Fuses eaiiily to a white glass, with intumescence. In 
<^losi<l tube, glows with a green light and yields water. Soluble in hydrochloric arid 
"ith erolutioD of hydrogen sulphide and residue of gelatinous silica. 



VsES. — It is employed in inlaid work, and before the invention of artificial 
■narine it was very valuable as a durable, deep blue, color for oil paintings. 



GARNET. 

R" 



is Ca, Mg, Fc or Mn 



Composition. — R"jR"',(SiO,)j. 
^'" is Al, Fe'" or Cr, rarely Ti. 

General Description. — Imbedded isometric crystals, either 
Complete or in druses and granular, lamellar and compact masses. 
Usually of some brown, red or black color, but occurring of all 
^c>lors except blue, and harder than quartz. Also found in alluvial 
''Material as rounded grains. 




"^ 



/' 
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Crystaixization. — Isometric, 
dodecahedron d and the tetragonal 
Fig. 614, or these as simple forms, I^ 
with the hexoctahedron, ^ » ^ : |ii : ; 
red light 1.7645 to 1.77 16. 

Physical Characters. H., 6.$ to 7.5 
LusTKEi vitreous or resinous. T 
Streak, white. 

Color, brown^ black, violet, yellow, 
Clbavagb, dodecahedral, imperfect 

Before Blowpipe, Etc. — Fuses rathe 
glass, except in case of infusible chromij^ 
Insoluble before fusion, but after fusion 
hydrochloric acid. Bead reactions vary vu^ 





Varieties. 

Grossularite. — Ca3Al,(Si04)8. White, pal 
brown-red rose-red. 

Pyrope, — Mg3Al,(Si04)s Deep-red to near 
parent. 

Almandite, — Fe5Al2(Si04)3. Fine deep-red 
part of precious and of common garnet. 

Spessartite, — Mn3Al2(Si04)B. Brownish-red I 
red. 

Andradite, — Ca,Fe,(Si04),. Yellow, green. 1 
Includes many of the common garnets. 

Uvaravite. — Ca,Cr2(Si04)s. Emerald green, sr 

Remarks. — Garnet is common in schists, gneiss, etc., and al 
limestone, serpentine, and even in volcanic rocks. By oxidation 
and by the action of carbonated waters, garnets are altered, formi. 
soapstone, serpentine, gypsum, etc. The common garnet is a vc. 
in many localities throughout the United States. Precious gainets 
Navajo Reservation, New Mexico ; in Southern Colorado, Ari 
County, Ky. ; Amelia County, Va.; Oxford County, Me. ; and ii 
Georgia, Montana, Idaho and Alaska. In Lewis and Warren Count! 
County, Ga., and Burke County, N. C, garnets are so plentiful tha 
for use as an abrasive. 

Uses. — Thousands of tons are used as an abrasive 
termediate in hardness between quartz and corundum. 

* Magntsium varieties lightest. 
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irge pink garnets is quarried at Morelos, Mexico, as 
al stone. Transparent red garnets are sometimes 
i as gems, and the green variety is also sometimes 



CHRYSOLITE.— Olivine, Peridot. 
ON.— { Mg.Fe),SiO „ 

Description. — Transparent to translucent, yellowish- 
lar masses, or disseminated glassy grains, or olive- 
When containing much iron, the color may be 
n, or even, by alteration, opaque-brown or opaque- 
j]y in orthorhombic crystals. 

ZATiON. — Orthorhombic. Axes n:'b:c~ 0.4657 : 1 ; 
r. 616 shows the pinacoids a, b and c, the unit forms of 
im, macro and brachy dome m, p, o and d, the macro 
; 2<^ : 00 c and macro pyramid q = it : 2b : c. ■ 
angles are mm = 130° 3'; pp = 139° 55'; co ^ 

= 130° 27'. 





+ . Axial plane i: Acute bisectrix normal to a. 
:tion and double refraction {ji= 1.678 and 2P = 
yellow light). 

:k sections, Fig. 617, the outline, the distinct cleavage 
le frequent partial alteration to serpentine assist in its 

laracters, H., 6.5 to 7. Sp. gr., 3.27 to 3.57. 
treous. Tkassparent to translucent, 

hite or yellowish. Tenacity, brittle, 
llowish-green to brownish-red. 

LOWPiPE, Etc. — Loses color, whitens, but is infusible 
rtion of iron is large, when it fuses to a magnetic glob- 
; in hydrochloric acid with gelatinization of silica. 



y 
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SiMiLAK Spkies. — DifTcTS by gelatinization from gre«n granuW I 
pyroxene. U harder than apatite and less fusible than touraulint. 1 

RKMAiK-f .— tit igneou onitiD, aceumng in ImmJu. tt>p> aul cryiolliDe 
■wodued wiih nich mioenl* ■> Yjrmtti*, cfuutHc. mnphibolc, I^VBdortte, ehnnvu, 
ric. B y ■llemipii of ft h ff W. CTS «^ b» bvdrttlon fofmt jjjwoattt a aJ tetptntl . ^ i, 
anil tht exMM of nueneiU oraalljr fonn* m^^ruu, Funber chaoi^ nuiy ilirr ik 
wrprnUnc W tnagnitiw, le«ving qnarti ur apaX. Foand kl TbHfofxl, Vt , Wchtiti, 
N. C, Witerville, N, H., »l«i in Vir£iivw, Peiiiitylifnnii, N«w Mexico, Oickuo. nt. 
SnuJI ([ein» ■" fuund io the garoti ind upphire tc|[ic-n> of New Mcilcu, vUuoin, 
CulonJo, and Montana. 

Uses. — Transparent varietiefl are >onietimGs cut as gems. 

IlvAi.inunAiTT ^A highl)' rcouKiBou* **rtciT of chrrwUlr, coouitung Kminun 
•■ liigb u IblrtT po ctM, at f«rTou!< pulil*. 

FAvAUii.—Hwneu1y bIIo( ibc M|[ icf>Ibgv4 liy Few thai the cixapoiutlon ittk 






in <nihouli<atc. H . 6 S- ^'' IP ■ 4-3»- Fu»e« k 
PHBNACITB. 
lO«ru»ITiON.— (il,S10, (GIO 45,55, Sit\i^,4j|OTc«ii.). 
GtjmL/iL Ilwrmniim. — Colotlm. Inoipureut, ihomUibedial ciyiiiJi, 
Noall, (requenlly Icnn ibap«d. Somciimct yollowifch uwl tnrncllinri in priuiuiic 
Utrda ih*n i|U»iiit. 

Pic, A18. Fio, 619. 



C«vi.TAUJZAn ; 

/ = 0,661. 

Fhvsicai. Chakj 
coImImi, relluw. br 
Oe«v«B , prismulie. 

Befokk HuiwnPK, Etc. 
cobalt lulutUin. 

Kkma«ks,— 0«ar» vrilh 
viriiclfmM iim) ii' an imitali 




■hIci [hombohedron p, 47. 
iglEiii = 104° 3': 'I =. 116° 36'. l>piicall)' 4. 
— Traniparent Io ncvly npique. Lutlre, Tjtrruos. Oi"', 
Slicnk, while. H., 7.5 lo 8, Sp. gi,, 1.97 to 3. K«i«. 

-Itiruiibic and iinnOcctcd liy nciiU. Made dull lilac 






, li>]<ni. emeriild, 1 



WERNERITE.— Scapolite. 

CoMPOscnox. — A silicate of caldum, and aluminum, of variable 
composition and containing also soda and chlorine. 

General Desckiption. — Coarse, thick, tetragor\aI crystals, 
us\ially quite large and dull atid of some gray, green, or white 
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color. Cleavage surfaces have a characteristic fibrous appear- 
aince. Also in columnar and granular masses. 



Fig. 620. 



Fig. 621. 









Usual form. 



Meionite of Vesuvius. 



Crystallization. — Tetragonal. Class of third order pyramid, 
p. 29. Axis r = 0.438. Usually prisms of first order m, and 
second order a, and unit pyramid/. Angle //= 136° 15'. Op- 
tically — , with weak refraction and double refraction. 

Physical Characters. H., 5 to 6. Sp. gr., 2.66 to 2.73. 
Lustre, vitreous to dull. Opaque to translucent 

Streak, white. Tenacity, brittle. 

Color, gray, green, white, bluish, reddish. 
Cleavage., parallel to both prisms. 

Before Blowpipe, Etc. — Fuses with intumescence to a white 
glass c ontaining^ bubble s. Imperfectly soluble in hydrochloric 
acid. HkifjU^XjiAU /^ 

Remarks. — Wemerite has been formed by heat at or near fusion. It is most abun- 
dant in granular limestone near contact with granite or similar rock. It occurs with 
pyroxene, apatite, garnet, zircon, biotite, etc., and is changed to pinite, mica, talc, etc., 
by atmospheric influence. Especially abundant at Bolton, Mass. Other localities 
common in New England, New York, New Jersey and elsewhere. 

VESUVIANITE.— Idocrasc. 

Composition. — Cag[Al(OH, F)] Al2(SiO J^, with replacement of 
Ca by Mn, and Al by Fe. 

General Description. — Brown or green, square and octagonal 
prisms and radiated columnar masses. Less frequently in pyramidal 
forms or granular or compact. 

Crystallization. — Tetragonal. Axis c = 0.537. Usually the 
unit prism m with base c and unit pyramid /. Prismatic faces 
often vertically striated. Angles //= 129° 21'; r/= 142° 46'. 
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Optically— (rarely + ) with rather strong refraction but wejlc 
double rerraction {« = 17226 ; x =* '-7325 for yellow light). 
Fic. (JM. Fi«. 623. Km, fit(. 




Vi2> 



Montoni, Tyrol. 
Physical Characters. H„ 6.5. Sp. gr., 3.35 to 3.45. 

LusTKE, vitreous to resinous. Translucent to opaque, 

Streak, white. Tenacity, brittle. 

Color, brown or green, rarely yellow or blue Dichroic. 
Cleavage, indistinct, prismatic and basal. 

Before BuiwpirE, Etc. — Fuses easily with intumescence tn 
green or brown glass. At high heat yields water in the closcj 
tube. Very slightly affected by hydrochloric acid, but after igni- 
tion is dissolved leaving a gelatinous residue. ' 

Similar Specifji. — The crystals and the columnar structure dis- 
tinguish it from epidote, tourmaline, or garnet. The colors are 
not often like those of pyroxene. 

REM.4KKS, — VcMivi.iniii.- occuis mo'^t (leiguenlly in melainoTphic rocki, giuudv 
limr;stoiic, terpentine, chlorite, gneis«, etc., witli garnet, muicovile, etUcite, etc. 
niters to laic, ^erpcnliac and calcite. Found nl Pitrtioiufield and Rumford Falls He. 
Warren. N, H,, Newton. N. J., Amity, fJ, Y. Also in California, Ontario 
qu.bec. 

MBLILITB. 

Composition.— Cn„A1,(SiOJj wilh Nb. Mg nnd Fe replacing Ca and Al. 

General DesCkiMtON. — Occurs in short prisms and in tabular onhorhombic oy* 
taU, especially in leiicile and npphelite rocks md in melilite baull. 

Physical Ciiaracters. — Transparent 10 opaque. Lustre, vitreous. Color, \icatf 
jrellow to brown, green and white. Briltle. II, j. Sp. gr., 9.9. 

Befoile BLnwptrK, Etc. — Fuses luiic ca«ly (□ a jellowiih or green glasiy gloMt 
(Gelatinizes with hydrochlnric acid. 

ZIRCON,— Hyacinth. 
CosiPosiTios. — ZrSiO, (ZrO 67.2, SiO, 32,8 per cent). 
General De-sckiption*. — Small, sharp cut, square prisms and 

pyramids with :^flamanrini' liinfi-i- and brown or grayish color. 

Sometimes in large crystals and in irregular lumps and grains. 
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Crystallization. — Tetragonal. Axis c = 0.640. Common 
forms: unit prism m, unit pyramid^, second order prism a, and pyra- 
niids u^a\ a: y and x= a: ^a: 3^. Angles pp= 1 23° 19' ; 
uu =96^ 51'; mu= 159° 48' ; ax^ 148° 7'. 

Optically + with strong refraction and double refraction (a = 
^ -9239 ; r = 1.9628 for yellow light). 



Fig. 625. 



Fig. 626. 



Fig. 627. 



Fig. 628. 











«r,.... 




Physical Characters. H., 7.5. Sp. gr., 4.68 to 4.70. 

Lustre, adamantine. Transparent to opaque. 

Streak, white. Tenacity, brittle. 

Color, brown, reddish, gray, colorless, green, yellow. 
Cleavages, imperfect, parallel to both pyramid and the prism. 

Before Blowpipe, Etc. — Infusible, losing color and sometimes 
becoming white. Insoluble in acids or in soda. 

Remarks. — Zircon is one of the first formed rock constituents, and is common as an 
Enclosure in the others, especially the older eruptive rocks, granular limestone, schists, 
gneiss, syenite, granite^ and iron-ore. It is also found in alluvial deposits. 

Zircons have been mined at Green River, Henderson county, N. C, where they are 
Especially abundant. Specimen localities are common throughout the United States 
^nd Canada. 

Uses. — As a source of zirconium oxide used in one variety of 
incandescent light. Transparent, red and brown varieties are cut 
under the name of hyacinth. Colorless or smoke varieties are called 
jargon, and are comparatively worthless. 



TOPAZ. 

CoMFOSiTiON.— AlijSieOjjjFio or AI(Al(O.F2))SiO,. 

General Description. — Hard, colorless or yellow transparent 
orthorhombic crystals with easy basal cleavage. Also massive in 
columnar aggregates, and as rolled fragments and crystals in allu- 
vial deposits. 
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Crystallization.— Orthorhombic. a -.b.c = 0.529 : i : 0.4^^' 

Prisms often vertically striated. Crystals rarely doubly tenr^ai 

nated. The predominating forms are the unit prism vt, bractr^*: 





Omi, Japan. 
prism / = 2a: b:<x!c (with predominance of / the section is oft ^^ 
nearly square) ; base c, unit pyramid^ and dome f ■= <x> a -.b : s 

Prominent angles are : WW/ = 124° 17'; //= 86° 49';// = 14 J 
^{top)= 92° 42'. 

Optically +. Axial plane b. Acute bisectrix normal to -^ 
Refractive indices and axial angles vary considerably for differs n 
localities. . 
Physical Characters. H., 8, Sp. gr., 3.4 to 3.65. 

LusTKE, vitnious. Transparent to nearly opaque- 

Streak. white. Tenacity, brittle. 

CoLOK, colorless, yellow, pale-blue, green, white, pink. 
Cleavage, basal perfect. 

Before Blowi'II-e, Etc. — Infusible, but yellow varieties may 
become pink, Witli cobalt solution the powder becomes bl u^' 
Slowly dissolved in borax. If powdered and heated with previ- 
ously fused salt of phosphorus in open tube the glass will be 
etched. Insoluble in acids. 



KS, — Probably always fur 


mtd under ihe influence of heal. Occur 


f similar oiigin in ^MiiilL 


and pneiss. or less frequenlly in cavuiet 


. Assciciales ait the [jrnii 


te minerals and apalitt, fluotile, cassilerile 


■,taK of Tiiio/ are f>-uii<i 


at De^etel, Liah, nt Cty-tal raik, Cheyenn 


ca.l Moumain.Colu., N,, 


irop, Cal.. SK.iiL-ham. Me., ami liaid Mdu 


ems aie ;il-<. ul.uined iru 


m Siberia, lir.izil, Jatian, Auslrali.i, Meiiic 



Use j. ^Transparent varieties are cut as gems. 
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ANDALUSITE.— Chiastolite. 

Composition.— AI{A10)SiO„ (A!,0, 63.2, SiO, 36.8 per ceni.) 
General Descbiption, — Coarse, nearly square prisms of pearl 
gray or pale red color, or in very tough, columnar or granular 
"lasses. An impure soft variety (chiastolite) occurs in rounded 
prisms, any cross section of which shows a cross or check-ered 
"gure, due to the symmetrical deposition of the impurities, Fiys, 
^3 3 and 320. 

KiG. 63a. Fig. 633. Kii;. 634. 





Cbi.istolite. Sterling, Mass. 
Ckvstallization. — Orthorhombic. Axes a -.'h-.c = 0.986 : i : 
'-*-702, Usually either the unit prism m, and base c, or these with 
*** unit brachy dome rf. Angles are /«>«= 90° 48' ; rt'rf= 109° 50'. 
Optically—. Axial plane the brachy pinacoid. Acute bisec- 
*^Jc normal to c. Colored varieties strongly picochroic. 
Physical Characters. H., 7 to 7.5. Sp. gr., 3.16 to 3.20. 
Lustre, vitreous. Transparent to opaque. 

Streak, white. Tenacity, brittle to tough. 

Color, rose-red, flesh-red, violet, pale green, white, pearl-graj'. 
Cleavage, prismatic, imperfect at angle of 90° 48'. 

Before Blowpipe, Etc. — Infusible. In powder becomes blue 
Vith cobalt solution. Insoluble in acids. 

RcUAklU.— It occurs in clay sl.ites and in gneiss anil schists with cyaiiilt, (ibrcj- 
l»te, quiiu, etc It alters rather readily to cyanite or kaolin. Found in many 
locaJitiel in the Nrw England Slates, also in Pennsylvania and California. FiPiii|;n 
loc»litici are numerons. Transparent crystals are found in Minas Geracs, liriiil. 
8ILLIMANITE or FIBROLITE. 

Con PosrrioN.— Al ( AlO )K0,. 

Gbnekal Description.— Long, almwi fihroij- i>rthoihomtjic cry>[als, and librous 
or colamnar nuKci of brovn or gray ci>lor. 

Physical Characters.— Transparent to transUiceni, I.usirc. vitreous. CmIih. 
brawn, gnf, greeniih. Streak, white. Y\.,(< to 7. Sii.gr., 3.23 to 3,24. Tough. 
Clcaragc, parallel to brachy pmacoid. 
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Before Blowpipe, Etc. — Infusible, becomes dark blue with cobalt solution, 
soluble in acids. 

Remarks. — Chiefly found in mica schist, gneiss, etc. Sometimes with andalusEl -C:«. 

Uses. — In the stone age it was used for tools, weapons, etc., being second only ^^ 

jade in toughness. 

DATOLITE. 

Composition. — Ca(B.0H)Si04. 

General Description. — Highly modified^ glassy, monocliik. i<^ 
crystals. Usually colorless, but also white or greenish. Also =^^ 
compact, dull, white or pink masses, resembling unglazed porcelai ^^' 

Fig. 635. Fig. 636. Fig. 637. 




'^ 





c. 



Bergen Hill, N. J. ^^\x^ Lake Superior. 

Crystallization. — Monoclinic. /9 = 89° 51'. Axes a\'b\c 
0.634 : I : 1.266. Prominent forms are the pinacoids a and < 
the unit prism ;//, negative unit pyramid /, unit clinodome d, clin 
prism / = 2a \b \^'c, and positive hemi pyramid r^^ a : b : } 
Important angles are ;;/;// = 115° 13' ; //= 103° 31' ; // = 120 
55'; ^^= 76° 37'- 

Physical Characters. H., 5 to 5.5. Sp. gr., 2.9 to 3. 

Lustre, vitreous. Translucent to nearly opaque. 

Streak, white. Tenacity, brittle. 

Color, colorless, white, greenish. 

Before Blowpipe, Etc. — In forceps or on charcoal fuses easily^^^ ^ 
to a colorless glass, and if mixed with a flux of acid potassiui 
sulphate and calcium fluoride and a little water it will color flam< 
green. In closed tube yields water at a high heat. Soluble ii 
hydrochloric acid, with gelatinization. 

Similar Spkciks. — Differs from the zeolites in crystalline fori 
and flame. 

Rkmarks — It is a setondary mineral found in igneous rocks and sometimes in met 
allic veins. Usually occurs with the zeolites, prehnite, calcite, etc. Found at Bergei 
Hill and Paterson, N. J.; at Hartford, Tariffville and Roaring Brook, Conn. Also ia 
New York, Michigan. Massachusetts, California, etc. 
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ZOISITE— ThuUte. 

Composition.— Ca, Al, (Al. OH) (SiOJ,. 

General Description. — Gray or green and rose red (thulite) columnar and 
'^Virons aggregates. More rarely, deeply striated orthorhombic prisms with indistinct ter- 
^^inations and perfjcct cleavage parallel the brachy pinacoid. 

Physical Characters. — Transparent to opaque. Lustre, vitreous to pearly. 
^^lor, white, gray, brown, green, pink and red. Streak, white. H., 6-6.5. ^P- gf» 
3-25-3.35. Optically +. 

Befoue Blowpipe, Etc. — Swells up and fuses easily to a glassy mass which does 
^ot readily assume globular form. Not affected by HCl before ignition, but after igni- 
tion it is decomposed with formation of jelly. 

Remarks. — Found at Ducktown, Tenn., Chesterfield, Mass., Uniontown, Pa., and 
vtiany other American and foreign localities. 

EPIDOTE. 

CoMPOSiTON. — Ca2Al2(A10H)(SiOj3 with some iron replacing 
aluminum. 

General Description. — Coarse or fine ^'^g. 638. 

g[ranular masses of peculiar yellowish-green ^' \ ^ v 

c:olor, sometimes fibrous. Also in mono- V — }^ .A 

clinic crystals and columnar groups, from \ > y^ 

yellow-green to blackish -green in color. 

Crystallization. — Monoclinic. ^ = 64^37.' Axes a\b\ c 
= 1.579: i: 1.804. Fortheforms: w = unit prism, « and ^ pina- 
c:oids, / unit pyramid and o unit dome, the angles are mm = 70° 
-4'; ca^ II 5^23' ; co^ 1 16° 18'. Crystals extended in direction 
of ortho axis. 

Optically—. Axial plane the clino pinacoid. Acute bisectrix 
nearly vertical. Refraction and double refraction both strong. 
Heochroism strong. Sometimes shows colored absorption fig- 
ure when held close to the eye. 

Physical Characters. H., 6 to 7. Sp. gr., 3.25 to 3.5. 
Lustre, vitreous. Transparent to opaque. 

Streak, white. Tenacity', brittle. 

CoLORy y ellowish-g reen to nearly black and nearly white, also 
red and gray. Cleavage, basal, easy. 

Before Blowpipe, Etc. — Fuses easily with intumescence to a 
dark, usually slightly magnetic, globule. At high heat yields 
'water. Slightly soluble in hydrochloric acid, but if previously 
ignited, it dissolves, leaving gelatinous silica. 

Remarks. — Formed chiefly by alteration of the feldspars, hornblende or biotite, 
etc., and is common in many crystalline rocks, often accompanying beds of iron in tho>e 
rocks. It is not readily altered. Common throughout New England and many of the 
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—A red maoganiferous epidote. Crystals show different colors 
ransmitted light when viewed through different planes. 

AXINITB. 

Composition. — An orthosilicwe containing especia~^ 
horon. Bluminiuni, and calcium wilh some iron and m^E. 

Gbneral Description.— Occurs in acute-edged iiiclii^ 
ctystals, see Fig. 639, usually of cIotc brown, bluish or yelli=a 
color. Also occurs lamellar or massive of ■ bright gins — 

Physical Chahacters. — Translucent lo iransparei^ 
Luster, highly vitreous. Color brown, bluish, yellow, gtis: 
and greenish. Streak, while. H., 6.5-7. Sp. gr., 3.2^ 
3.25- Optically — . 
Etc. — Fuses easily with bubbling to a dark greenisli or blBc=: 
for boron. Gelatinizes with HCl after ignition, 
crystals are obtained in Bourg d'Olsans, Dauphint ; and Mt. Skop 




Composition, — Analogous 
with lime and iru 



ALLANITE. 

I epidote, but a silicat 



of thece 



General Description. — Pitch black or brownish emtiedded vi 
tint t^ibular or prismatic monoclinic Crystals. 

Physical Chakactkhs.— Opaque. Lustre, submetallic or pitch like. Color, pitchc 
bhck orbrown. Streak, nearly white, H.. 5,5 to 6. Sp. gr,. 3.5 to 4.1. Brittle. 

Bf.fore Bi.owi'irE, Etc. — Fuses very easily, becoming strongly magnetic, and .iw 
high temperature yielding water. Usually gelitliniies wilh hydrochloric acid, but afie^ 
ignition is insoluble. 

PREHNITE. 



CoMPO>^rnoN,— HXajAl/SiO,),,. 

General Description. — A green to gray- 
ish-white vitr<:ous inineral. Sheaf-iike groups 
of tabular crystals, united by the basal planes. 
Sometimes barrel-shaped crystals and frequent- 
ly rcniform or botryoidal crusts with crystal- 
line surface. 



Fig. 640. 




Physical Characters. 

Lustre, vitreous, 

-Stkeak, white. 

Color, light to dark green or grayish-white. 



6 to 6.5. Sp, gr., 2.8 to 2.95. 

Translucent. 
Tenacity, brittle. 
Cleavage, basal. 



Bekokk Blowi'JI'e, Etc. — liasily fusible to a whitish glass con- 
taining bubbles. In closed tube yields a little water. Soluble in 
hydrochloric acid, and after fusion is soluble with a gelatinous 
residue. 
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Similar Species. — Resembles calamine or green smithsonite 
mewhat; but is more easily fused, and does not gelatinize unless 
previously ignited. 

Kemarks.— Occurs in granite gneiss, trap, syenite, etc., as a secondary mineral 
dex^ved from their alteration, and associated with other secondary minerals as datolite 
^«" t.lic zeolites. Bergen Hill and Paterson, N. J., have furnished a few gem stones. 
^^t.H er localities are Farmington, Conn., the Tamarack and Quincy copper mines, Mich., 
^erry, Me., and Westport, N. Y. 

-^jsEs. — ^To a limited extent has been cut as a gem. 

BASIC OR SUBSILICATES. 

Made a division by Dana because their constitution is not defi- 
'^itiely settled, though probably each belongs to one of the preced- 
^*^S groups. 

Here are described Chondrodite, Tourmaline, and Stauro- 

CHONDRODITE. 

CToMPOSmoN.— HjMgigSigOj^F^, or (Mg.Fe)i3(Mg.F)4(MgOH),(SiOJ„ with some 

>ii replacing magnesium. 

CjENERAL Description. — The chemical compound occurs as three crystallograph- 

*'^5xlly distinct species, chondrodite, humite, clinDhumite. Chondrodite proper consists 

^^^ compact brown masses or disseminated grains and yellowish-brown to red, monu- 

^^i«iic, pseudo orthorhombic, crj'stals of great complexity. 

Physical Characters. — Translucent. Lustre, vitreous. Color, brown, garnet- 
^^c3, light to dark yellow. Streak, white. H, 6 to 6.5. Sp. gr., 3.1 to 3.2. Brittle. 
Before Blowpipe, Etc. — Infusible, sometimes blackens and then turns wliite. 
^Used with powdered salt of phosphorus glass will yield fluorine. Soluble in hydro- 
^Viloric acid with gelatinization. 

Remarks. — Chiefly found in crystalline limestone or with other magnesium niineralh. 
Alters to serpentine. 

TOURMALINE.— Schorl. 

Composition. — Ri^B2(Si05)^. R chiefly Al, K, Mn. Ca, Mg, Li. 

General Description. — Prismatic crystals, the cross sections 
of which frequently show very prominently a triangular prism. 
Color, usually some dark smoky or muddy tint of blaok, brown or 
blue, also bright green, red, and blue, or rarely colorless. Some- 
times the centre and outer shell are different colors, as red and 
green. Sometimes the color is different at two opposite ends. 
Occurs also columnar in bunches or radiating aggregates and in 
compact masses. 
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Fig. 641. Fig. 642. Hg. 643. 




Chvstallization. — Hexagonal. Hemimorphic class, p. 42. 
Axis c = 0.448. 

Prevailing forms : trigonal prism m, second order prism a, unit 
rhombohedron /, negative rhombohedron f = a-.vi a : a : 2€. 
Angles are : // = 133° 8' ;_//"= 103° ; w/^= i 17° 20'. 

Optically — . Strongly dichroic, absoqjtion very marked for rays 
vibrating parallel to the vertical axis. Double refraction rather 
strong. 
Physical Characters. H., 7 to 7.5. Sp. gr., 2.98 to 3.20. 

Lustre, vitreous or resinous. Transparent to opaque. 

Streak, white. Tenacity, brittle. 

Color, black, brown, green, blue, red, colorless. 

Cleavage, difficult, parallel to R and i-2. 

Before Hlowpipe, Etc. — Usually fuses, sometimes very easily. 
With a paste of KHSO„CaF, and water it yields a green flame. 
Insoluble in acids, but after strong ignition gelatinizes. 

Similar Specify, — Differs from hornblende in hardness, crystal- 
line form and absence of prismatic cleavage. Differs from garnet 
or vesuvianite in form, dilficult fusion, and green flame. 

Remarks. — Occurs in crystalline rockj ^ (;™n"=. enuis^. mica- schists, crystalline 
limc!.lone, tic, n itii many associates. Uy alteration it forms coukeile, lepidoiile, talc, 

I'nris, Auburn, ami Hebron, Me., and from Riverside county, California. 

Uses. — Transparent, red, yellow, and green varieties are cut as 
gems. Thin plates arc used to polari/e light. 

STAUROLITE. 

Composition.— I-\-(A10),(AIOH)(SiO,|„ but varying. May con- 
tain Mg or Mn. 

General Description.— Dark brown to nearly black ortho- 
rhombic prisms often twinned, or in threes, crossing at 90° and 
120°. Surfaces bright if unaltered. Very hard. 
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Crystallization. — Orthorhombic. Axes ^ : ^ : r = 0.473 : i : 
0.683. Usual forms: unit prism m, unit dome o and pinacoids b 
and c. Frequently in twins crossed nearly at right angles, Fig. 
645, or nearly at 60°, Fig. 263. 

The important angles are: tnm^ 129° 20'; co= 124° 46'. 
Optically +. Axial plane the macro pinacoid. Acute bisectrix, 
normal to c. 



Fig. 644. 



^^^n 



Fig. 645. 



r^n 





Physical Characters. H., 7 to 7.5. Sp. gr., 3.65 to 3.75. 
Lustre, resinous or vitreous. Translucent to opaque. 

Streak, white. Tenacity, brittle. 

Color, dark brown, blackish-brown, gray when weathered. 
Cleavage, parallel to brachy pinacoid. 

Before Blowpipe, Etc — Infusible, except when manganiferous. 
Partially soluble in sulphuric acid. 

Remarks. — Occurs chiefly in schistose rock with andalusite, garnet, tourmaline, 
cyanite, etc., but is not found in schists rich in amphibole. Abundant at Claremont, 
Grantham, and Lisbon, N. H., at Windham, Me., Chesterfield, Mass., Litchfield, 
Conn., and sevwal other localities in New England. Also in New York, North 
Carolina, Georgia, and Pennsylvania. 

HYDROUS SILICATES. 

Compounds containing water of crystallization with certain 
closely related species in which the water plays the part of a base 
or is in doubt. 

The minerals described here are : 

Zeolite Division, — Apophyllite, Heulandite, Stilbite, Chab- 

AZITE, AnALCITE, NaTROLITE. 

Mica Division. — Muscovite, Biotite, Phlogopite, Lepidolite, 
Prochlorite. 
Serpentine and Talc Division. — Serpentine, Talc, Sepiolite. 
Kaolin Division. — Kaolinite, Pyrophyllite. 
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ZEOLITES. 

The xeoiites are a group of silicates, all of which are of a sec- 
ondary origin and are usually found in the seams or cavities of 
basic igneous rocks, sych as basalt or diabase, and less friequenily 
in granite or gneiss. 

They are similar to the feldspars in conistituents and combining 
ratios, and are chiefly formed from the feldspars and from nephe- 
lite, leucite, etc. Most of them fuse easily, with appearance of 
boiling, and all contain water of crystallization. The hardness 
varies from 3.5 to 5.5, and the specific gravity from 2.0 to 2.4. 



APOPHYLLITE. 

Composition. — H|4K,Ca8(SiO,)|« + 9H,0, with replacement by 
fluorine. x^, 

General Description. — Colorless and wh^ or pink, square 
crystals. Sometimes flat, square plated or approximate cubes; at 
other times pointed and square to nearly cylindrical in section. 
Notably pearly on baise or may show in vertical direction a peculiar 
— ^fish eye — internal opalescence. Found occasionally in lamellar 
masses. ^ 

Crystallization.— Tetragonal. Axisr= 1.252. Usually com- 
binations of unit pyramid /, base r, and second order prism a. 
Angle pp = 104° ; cp =^ 119° 28'. Prism faces vertically striated 



Fig, 646. 



Fig. 647. 



Fig. 648. 







Fic. 649. 

Physical Characters. H., 4.5 to 5. Sp. gr., 2.3 to 2.4. 
Lustre, vitreous or pearly. Transparent to nearly opaque. 
Streak, white. Tenacity, brittle. 

Color. colorles3, white, pink or greenish. Cleavage, basal. 
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Before Blowpipe, Etc.— Exfoliates and fuses to a white enamel. 
In closed tube yields water. In hydrochloric acid forms flakes 
and lumps of jelly. 

Remarks. — Occurs in volonk tocIcs and mtneral veins with teolites, datoliie, pec- 
toliie, etc. It is A aecondary miDcral. 

HEULANOITB. 

Composition.— H,CaAl,( SiO,), + 3H,0. 

Gensral Desckiption. — Monoclinic ciyitals, with very bright, pearly cleavage 
mrficM. The face parallel to cleavage is alM bright pearly, and is leu symmetricBl 
than the corresponding face of slilbitc. 

Physical CHARACTEtis. — Tianspaient to [ransluccDt. Lustre, pearly and Titreous. 
Color, white, red, brown. H., 3,5-4. Sp. gr., z.lS-2.Z3. Brittle. CI eayes parallel 
10 pearly face. 

Before Blowpipe, Etc. — Exfoliates and fuses easily to white enamel. In closed 
lube yicldi water. Soluble in hydrochloric acid, with residue of tine powder. 

STILBITE.— Deamine. 

Composition. — H, ( Na,. Ca ) Fig. 650. 

Alj(SiOJg + 4HjO. ^ 

General Description. — Tab- 
ular crystals, of white, brown 
or red color, pearly in lustre on 
broad faces and frequently united 
by these faces in sheaf-like groups. 
Sometimes globular or radiated. "^'Pe Biomidon, N. s. 

Crystals are orthorhombic in appearance, but really complex 
monochnic twins. 
Physical Characters. H., 3.5 to 4. Sp. gr., 2.09 to 2.2. 

Lustre, vitreous or pearly. Translucent. 

■ Streak, white. Tenacity, brittle. 

Color, yellow, brown, white, red. 

Cleavage, parallel to pearly face. 

Before Blowpipe, Etc. — Swells and exfoliates in fan shapes, 
and fuses easily to a white, opaque glass. Yields water in closed 
tube. Soluble in hydrochloric acid, with a pulverulent residue. 

Remarks. — Occurs with other leoliles. 

CHABAZITE. 
Composition.— (Ca, Na,)Alj(Si03), + 6H,0. 
General Description. — Simple rhombohedral crystals, almost 
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cubic, also in modified forms and twins. Faces striated parall 
to edges. Color, white, pale-red and yellow. 

Physical Characters. H., 4 to 5. Sp. gr., 2.08 to 2.16. 
Lustre, vitreous. Translucent, transparent. 

Streak, white. Tenacity, brittle. 

Color, white, red, yellow. 
Cleavage, parallel to the unit rhombohedron. 

Crystallization. — Hexagonal. Scalenohedral class, p. 
Axis c = 1 .086. Unit rhombohedron / and negative rhombo 
hedra e =^ a. 00 a :a \ i^r and /= a: <:o a :a :2c are most com 
mon. Angles // = 94° 46' ; ee = 125° 13'. 

Optically— usually, sometimes +; interference figure confuse 




Fig. 651. 



Fig. 652. 



Fig. 653. 






Before Blowpipe, Etc. — Intumesces and fuses to a nearl 
white glass containing bubbles. Yields water in closed tube 
Soluble in hydrochloric acid, leaving flakes and lumps of jelly. 

Remarks. — Occurs generally in basaltic rocks. Found in several localities ia 
Nova Scotia. Also at Baltimore, Md. ; Aussig, Bohemia ; Faroer, Greenland ; Rich 
mond, Victoria. 

ANALCITE. 

Composition. — NaAl(Si03)2 -}- HgO. 

General Description. — Small white or colorless, tetragonal 




Fig. 654. 



Fig. 655. 





Fig. 656. 


V 






L^ 




Island of Cyclops. 

trisoctahedron.s or modified cubes, rarely granular and compac:^ ^ 
with concentric structure. 
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Crystai-LIZATIon. — Isometric. The tetrahexahedron n= a : 
za: 2(1 is most frequent sometimes modified by the cube n or do- 
decahedron li, and in some crystals the cube predominates. 
Physical Characters.— H., 5 to 5.5. Sp. gr., 2.2 to 2.29. 
Lustre, vitreous. Transparent to opaque, 

^ Streak, white. Tenacity, brittle, 

^h Color, white, colorless, greenish, red. 

^TBefore Blowpipe, Etc. — Fuses easily and quietly to a clear, 
colorless glass. Yields water in closed tube. Gelatinizes with 
hydrochloric acid. 



b 



NATROLITE. 

CoMPosiTiON.— NajAl(A10)(SiO,),+ 2H,0. 



Fir.. 657. 




Wood Clift. N. J. 



General DEscRiPTiON. — Colorless to white, 
slender, nearly square prisms, with very flat 
pyramids. Usually in radiating and interlac- 
ing clusters and bunches. Also fibrous gran- 
ular and compact. 

CRysTALLiZATioN. — Orthorliombic. Axes 
tt:i:c' =0,979: 1:0.354. mm (angle of 
prism) =91'' 14'. 
Physical Characters. H,, 5 to 5.5. Sp. gr., 2.2 to 2.25. 

Lustre, vitreous. Transparent to opaque. 

Strear. white. Tenacitv, brittle. 

Color, colorless, white, yellow, red. Cleavage, prismatic. 
Before Blowpipe, Etc. — Fuses very easily to a colorless glass. 
In closed tube, yields water. Soluble in hydrochloric acid, with 
gelatini/ation. 

SrMiLAK Species, — Differs from pectolite in square cross-sec- 
iui and fusion to a clear, colorless glass. 

iKS. — Occu:^ with olhcr icoliles and with ptchnite, c^JcJte and datQlile. ] 

THOMSONITB. 




-(Qi.Na,), A].{SiO.),-f SH,0, 
INERAL Descbiption. — Usuolly cither radinling fibres or slender prismatic ciy5- 
\m or else spherical with fibrous stiucnire radialing from several centiei nod of differ- 

e rsrely dislinct ortliorhombjc prisms. 
pHVsrcA.L Chakactehs. — Trouslucenl 10 iransparetil. Luster, vitreous to petrly. 
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Coloc wblle to colorless when puie, tXsa greeuUh, reddi^ and jcllow. Streal, while. 
Brittle. H., 5-55- Sp, gt., 2.3-3.4- Oiilie»lly+, 

Bcf^jRE BwwpTi-K, Etc.— Vicldi water in clojcd lube. Fines readilv wUh bubbling 
10 a while glusy globule. Gclatiniiea with hydrochloric ncld. 

THE MICA DIVISION. 

The micas and chlorites are characterized principally by the 
very easy perfect basal cleavage, the monoclinic crystals with prism 
angles of closely 120", which usually appear either hexagonal or 
orthorhombic. Cleavages show the interference figure because the 
acute bisectrix is nearly normal to the base. In all the species a 
blow from a conical point upon a cleavage surface develops a so- 
called percussion figure, consisting of three cracks, one parallel to 
the plane of symmetry, the others at definite angles to this. 

The relative position of axial plane and principal line of the 
percussion figure and the axial angle give convenient distinctions 

MUSCOVITE.— Potash Mica, White Mica, Isinglass. 

Composition, — Hj(K.Na)Al3(SiOJj, with some replacement by 
Mg or Fc. 

General Description. — Disseminated scales and crystals, 
which cleave with great ease into thin, clastic, transparent leaves. 
Also in masses of coarse or fine scales sonietimcs grouped it 
globular and plumose forms, Fig. 659, Usually gray in color. 



Fic:. 658. 



Fi... 659, 




"Ki>'^ 



Ckvstalljzatiun. — Monoclinic. fi= 89° 54'. ;«/;/ {the prisni 
angle) = 120° 12'. Crystals usually rhombic or hexagonal i 
section, with rough faces, and usually tapering. Cleavage i 
proximately at right angles to the prism. 

Optically — . Axial plane normal to b and nearly normal ' 
£ ; that is, normal to the principal line of the percussion figun 
Axial angle variable but large, 2E 50° to 70°. Pleochrois 
feeble. Absorption in sections normal to cleavage very strong. 
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I*l»y8ical Characters. H., 2 to 2,5. Sp. gr., 2.76 to 3. 

Lustre, vitreous, pearly on cleavage. Transparent in lamina;. 
Streak, white. Tenacitv, elastic. 

Color, gray, brown, green, yellow, violet, red, black. 
Cleavage, basal, eminent. 

Before Blowpipe, Etc. — Fuses only on thin edges to a yellow- 
■ sli glass. Insoluble in acids. 

Similar Species. — Differs from talc or gypsum in being elastic. 
I s tdsually lighter colored than biotite. 



UKOvile 19 of bolh igneous and secondary origin. It occurt with 
1iia.rti and feldspnis, in granite, gneiss and mica schist and related rocks and more or 
I^ss dtsaeminaled in other rocks, and it also is found formed from cyanite, lopai, feld. 
S[>ci^-s, coniDduin, «te. The most productive mica mines of the United Statts are in 
^'itchelt, Yancey, Jackson and Macon Counties, S. C, ami Groton, N. 11. Otiier 
''»*-Be deposit! exist at Grafton, N, H,; Las Veijas and Cribbcnsville, N, M., and 
^«!a*Llwood and the Black Hills, S. D., many of which are intermittently mined. Also 
'^ ^^cvada, California, Colorado and Pennsylvania in quantity and quality fit for use. 
^~^ ^ge quaatitiet of mica are annually imported from India. 

Uses. — As transparent material in doors of furnaces, stoves, etc. 
■'^s insulating material in electrical apparatus, especially on the 
^''T^atures of dynamos. As coating for spangling wall papers and 
^^«=li fabrics as brocade. 



—An altered hydrous (lolassiui 
elastic and of silky luster. 



BIOTITE. — Black Mica, Magnesium Mica. 

Composition. — An orthosili- 
*^ate approximating (H . K)^)( M g. - 

General Description. — Like 
**mscovite,but usually dark green 
*^o black in color. It cleaves 
^nto thin, elastic leaves. 

Optically—. Axial plane usu- 
ally parallel to *,■ that is paraUd to the princii)al lino of the per- 
cussion figure. Axial angle usually small, zli varj-ing o to 12', 
farely 50*. Heochroism strong. 
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Physical Characters. H., 2.5 to 3. Sp. gr., 2.7 to 3.1 
Lustre, pearly, vitreous, submetallic. Traxsparest to opaque. 
Streak, white. Tenacity, tough and elastic. 

Color, commonly black to green. Cleavage, basal, eminent. 

Before Blowpipe, Etc, — Whitens and fuses on thin edges. 
Decomposed by boiling sulphuric acid, with separation of scales 
of silica. 

RuMARKS.— Occurrence ami associates like imiscovite, hut is more cooinion 1 
niuKoviie In the eruptive rock&. It n round in most al the tnuicovite localities, 
is a very common coostiluent uf roclts m\A soils in the ronn of small i,ca]cs. 1 1 a 
more readily ttiaii muncovite to chlorite oi to rpidole, quatli and iron oxide. 

PHLOGOPITE.— Amber Mica. 

Composition— R,Mg,Al(riiO,)^, where R = H.K. ?'<=■ ^'^ 
MgF. 

General Description. — Large and small, 
brownish-red to nearly black crystals. Usually 
oblong, tapering, six-sided prisms. Thin plates often 
show a six-rayed star by transmitted light. 

Optically. — Axial plane parallel to b, that is 
parallel to the principal line of the percussion 
figure. Axial angle small, but varying in same 
specimen. Pleochroic in colored varieties. Pope's Mills, N. Y. 

Physical Characters. H., 2.5 to 3. Sp. gr., 3.78 to 2.85. 

Lustre, pearly or submetallic. Transparent to transiuccnt. 

Streak, white. Tenacity, tough and elastic. 

Color, yellowish-brown, brownish-red. green, colorless. 
Cleavage, basal eminent 

Before Blowpipe, Etc. — Whitens and fuses on thin edges. lo I 
closed tube yields water. Soluble in sulphuric acid with separa- J 
tion of scales of silica. 

Remarks. — Phlogopite b usually found in crystalline limestones 0. 
It occurs ID enormous crystals in Unlario and Quebec, and in various localities Ikrou^ I 
New York and New Jersey. 

Uses, — It is largely used in electrical work. 

LBPIDOLITB.— Lithia Mica. 

Composition.— R, At (Si 0,),. R = Li,K, NnF, cK. 
Gemkrau Descriftiom. — Scoly, granular nuusei of palc.pink color and pay ciy»- | 
tals, with Ea^ mica cleavage into elutic plates. 




I'HVsiCAL Charactebs.— Transli 
gray, wliile. Sircak, while. H., 2.5 

Bbfore Blowpihe, Etc.— Fuses 
Pwtially soluble in hydrochbric acitl 




CLINOCHLORE.— Ripidolite. 

CoMPOslTi OK. — Il,MgjAl,Si,0„. 

General Descript I OS. —Green, while and 
lose-ml ctyatuls wilh cleavage like mien, Ihe 
cleavage plates bowcTcr being only slightly 
clnstic. Also roiBiFs madcup of coai^e or lint 
scales and eulbc. 

pHV>ic.iL Characters. — Ttansparem to 
D-ansluccnc. Lustre, vitreous to pearly. Color, 
green lo red- Slreak, light green, tl., I-3.5. 
Sp. gr., 2.65-2.75. CIcBvngp perfect, mica- 
ceous. Luninx flexible but nol elastic. 

Oplicnlly usually -j-. Pleochroic. Aua] 

Before Blowpffe, ETc.-^When highly healed yields much water in dosed lobe 
Fus«£ only on the edges 10 a yellow enamel. Only slightly affected fay HCl. 

Rkmanks. — Found al West Chester and Tenas, Pa.; Hrewslers, N. V.,and many 
foreign localities. 

PROCHLORITE. 
Fig. 663. Composition.— H„(Fe.Mg)^AI,^Si„0^. 

General Descrifiion. — Dark-green masses, com- 
posed of coarse to very fine scales. Also tabular and 
curiously twisted six-sided crystals, which easily cleave 
into thin plates which are not elastic. Also fre- 
quently distributed as a pigment in other minerals. 
Optically + . Axial angle small, 2 £ = 0° to 30°. Pleochroism 



^Kop: 
^^ttin< 



Physical Characters. H.. i to 2. Sp. gr., 2.78 to 2.96. 
Lu&TRE, feebly pearly. Translucent to opaque. 

i Streak, white or greenish, Ten.acity, flexible, non-elastic. 
Color, grass-green to blacldsh-green. 
Cleavage, basal. Feel, slightlj- soapj'. 

Before Blowpipe, Etc. — Whitens and then fuses to a nearly 
ick magnetic glass. In closed tube yields water. Soluble in 
^huric acid. 



KntAaKS. — Fonned by decompo! 
1, pyroxene, eic. 



h and aluminous varieties of amphi- 
sionally found in crystalline schists and serpen- 
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DelessUe^ a dark-green massive mineral of scaly or short fibrous appearance. 
2.5. Sp. gr., 2.9, which yields water in closed tube and is decomposed by HQ 
separation of silica. Found in cavities of amygdaloidal eruptive rocks. 

SERPENTINE AND TALC DIVISION. 

SERPENTINE. 

Composition. — H^MgjSijOQ. with replacement by Fe, 
General Description. — Fine granular masses or microscc^ 
ically fibrous. Also foliated and coarse or fine fibrous. Col 
green, yellow or black, and usually of several tints dotted, stri 
and clouded. Very feeble, somewhat greasy lustre and grea 
feel. Crystals unknown. 

Physical Characters. H., 2.5 to 4., Sp. gr., 2.5 to 2.65. 
Lustre, greasy, waxy or silky. Translucent to opaque. 

Streak, white. Tenacity, brittle. 

Color, green to yellow, brown, red, black, variegated. 

Before Blowpipe, Etc. — Fuses on edges. In closed tub 
yields water. In cobalt solution becomes pink. Soluble in h 
drochloric acid, with a residue. 

Remarks. — A secondary mineral formed from chrysolite, amphibole, pyroxe 
enstatite, etc. It is associated with these and with magnetite, garnierite, chromi 
dolomite, etc. Serpentine asbestus is not produced in the United States, but la 
amounts are annually imported from the Thetford and Coleraine mines of Que 
Massive serpentine, or V^erd .Antique marble, is quarried at Milford, Conn. 

Uses. — It takes a fine polish, and is used for ornamental wor 
as table-tops, mantels, etc. The fibrous variety, chrysotile, is us 
as asbestus. 

TALC— Steatite, Soapstone. 

Composition. — H2Mg3(Si03)4. 

General Description. — A soft, soapy material, occurring fol 
ated, massive, and fibrous, with somewhat varying hardness. Us 
ally white, greenish or gray in color. Crystals almost u 
known. 

Physical Characters. H., i. Sp. gr., 2.55 to 2.87. 
Lustre, pearly or wax- like. Translucent. 

Streak, white. Tenacity, sectile. 

C(Jix)K, white, greenish, gray, brown, red. 
Cleavage, into non-elastic plates. Feel, greasy. 
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Before Blowpipe, Etc — Splits and fuses on thin edges to white 
enamel. With cobalt solution, becomes pale pink. Insoluble in 
acid. 

Varieties. 

Foliated Talc. — H — I. White or green in color. Cleavable 
into non-elastic plates, 

Soapsione or Steatih: — Coarse or fine, gray to green, granular 
masses. H.. 1.5 to 3.5. 

French Chalk. — Soft, compact masses, which will mark clotli. 

Agolite. — Fibrous masses ol H. 3 to 4. 

Rcnssflaerite. — Wax-like masses. H., 3 to 4, Pseudomorphous 
after pyroxene. 

Similar Species. — Softer than micas or brucite or gypsum. 
Further differentiated by greater infusibility, greasy feel, and the 
flesh-color obtained with cobalt solution. 



REMAKKs,— Talc is an allennion producl of pyroxene, amphibolc, m 
tile, etc., and occurs wilh dolomite, serpentine, magnetite, tourmaline, etc. An im- 
mcoae dcpoiil al Gouverncur. N. Y., v. mined, and the total output is ground for use 
in paper-making, etc. Large soapsione quarries are worked at Franccsloivn, N. H. 
Cbestei, Saxon's River, Cambridgcixirt and Perk insvi lie, Vl., Cooptown, Md., ind 
Webster, N. C. Massachuselti, New Jersey, Pennsylvania, Virginia and Georgia are 
alM producing Slates. 

Uses. — Soapstone is cut in slabs for hearths, linings of stoves, 
sinks and other articles of refractory nature. It is ground and 
moulded into gas-tips, and used as a preparation for blackboards 
and as a fine quality of tinted plastering. Agolite is used to mix 
with wood pulp in paper manufacture. Talc is used in soap, as a 
dressing for fine skin and leather, as a lubricant and as pencils, 
tailors' chalk, etc. 



SEPIOLITE.— Meerschaum. 

Com posiTiON. — H jM giSi.O,,. 

General Description. — Soft compact white, earthy to clay- 
like masses, of very light weight. Rarely fibrous. 

Physical Characters. H., 2 to 3.5. Sp. gr., 1 to 2. 
Lustre, dull. Opaque. 

Streak, white. Tenacity, brittle. 

Color, white, gray, rarely bluish-green. Feel, smooth. 
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Before Blowpipe, Etc. — Blackens, yields odor of burnin^nS 
fuses on thin cdj^cs. In closed tube yields water. With cobalt 
solution becomes pink. In hydrochloric acid gelatinizes. 

Similar Species, — Resembles chalk, kaolinrte, etc., but U 
characterized by lightness and gclatinization with acids. 

Remark^.— PuuiUy fumiril from MlleIl•Mlill^, Tli>- name "mecnchaum" r«fenlo 
the facl thai it will liou on wairr when diy. M<mc of the maierinl ui>ctl for pipe* l« 
elittlnrr! Trnm Tuckcjr. It ocean in brKc amauni in Spain, *ni1 in xmallrr '|uani)iwt 
In Gtcwc, Morocco and Moravli. Tliiio Bt« no proUuciive American tucalitiei. 

Uses. — As material for costly tobacco pipes. In Spain it is a 
building stone. In Algeria it is used as a soap. 

KAOLINITE— Kaolin. China Clay. 

CoMposiTio.v. H,Al^i,0,, with more or less iron, silica, and 
organic matter. 

General Description. — Compact and clay-like or loose and 
mealy masses of pure white, yellow, brown, red and blue color. 
Also in white, scale-like crystals, with the lustre of satin. Usually 
unctuous and plastic. 

Physical Characters. H., 2 to 2.5. Sp. gr., 2.6 to 2.65. 
LusTKE, dull or pearly. Opaque or translucent. 

Streak, white or yellowish. Tenacity, brittle. 

Color, white, yellow, brown, red and blue. 

Before Blowpipe, Etc. — Infusible. Yields water in closed 
tube. With cobalt solution, becomes deep blue. Decomposed 
by sulphuric acid, but insoluble in nitric or hydrochloric acids. 

Similar Species. — It is not harsh like infusorial earth and is 
softer than bauxite. 

Rkmarks. — KaoUnilc is formed by alteralion of felrlipari! and other silicates 
Carbon.-iled waters remove the basic oxides and part of the silica. Its associates are 
feldspar-, conindum, di.-ispore, lopai, etc. In the United Stales kaolinilc is mined at 
Okahumka, I_ike County, Florida, at Sylva, Dilsboro and \Vel>sier, N. C, and nl sev- 
eral places in New CiiMlc County, Del., and Chester and Delaware Counties, Fa. 
Kaolin of poorer quality is obtained in Ohio and New Jersey, and many other de. 
posits are known thruiit;hout tlic Atlantic Stales. 

Uses. — It is the chief constituent of porcelain, chinaware, orna- 
mental tiles, etc. 
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PYROPHYLLITE.— Pencil Stone. 

ClOMPOSITION. — HA^SiOj),. 

CjEneral Description. — Radiated ioWx or fibres and compact masses of soapy 
^^ling and -soft and smooth like talc. 

I^YSICAL Characters. — Translucent to opaqae. Lustre, pearly or dull. Color, 
^ ite, greenish, brownish or yellow. Streak, white. H., I to 2. Sp. gr., 2.8 to 2.9. 
^xible. 

Before Blowpipe, Etc. — Whitens and fuses on the edges, and often swells and 
reads like a fan. In closed tube yields water. Partially soluble in sulphuric acid. 
IIemarks. — Occurs in large beds and as gangue of cyanite. 

Uses. — Extensively manufactured into slate pencils. 

TITANO-SILICATES. 

TITANITE.— Sphene. 

Composition. — CaSiTiO^. 

General Description. — Brown, green or yellow, wedge-shaped 
" tabular monoclinic crystals, with adamantine or resinous lustre. 
"^Vlso compact, massive. Rarely lamellar. 

Crystallization. — Monoclinic. /3=6o° if. Fig. 664. 

-^.xesa : ^ : ^ = 0-755 • 1 * 0.854. Crystals very 
"^^ried. Most common forms : pinacoids c and 
**, unit prism ;//, negative unit pyramid /, domes 
-^kr s^ a: Qo'b : y^ c and s =^ (x^ a : d : 2c, and the 
Pyramid l^a\l)\ y^c. Angles are : ;;/;//= 113^ , jj^na, n. y 
31'; //= 136^11'; //= 133"" 53'. 

Optically +. Axial plane the plane of symmetr>\ Very large 
dispersion producing peculiar interference figure with many lem- 
niscates and colored hyperbola?. 

Physical Characters. H., 5 to 5.5. Sp. gr., 3.4 to 3.56. 
Lustre, adamantine or resinous. Transparent to opaque. 
Streak, white. Tknacitv, brittle. 

Color, brown to black, yellow, green, rarely rose-red. 
Cleavage, prismaiic easily, pyramidal less easily. 

Before Blowpipe, Etc. — Fuses, with intumescence, to a dark 
glass, sometimes becoming yellow before fusion. In salt of phos- 
phorus after reduction, the bead is violet. Partly soluble in 
hydrochloric acid, completely so in sulphuric acid. 

Remarks. — Occurs both as original and secondar)- mineral derived from altcratioi. 
of menaccanite, brookite, etc. lis associates are i)yroxene, amphibole, feldsi)ar>, zir- 
con, iron ores, apatite, etc. Good gem stones have been found at Brewsters, N. Y.; 
Bridgewater, Pa., and Magnet Cove, Ark. 

Uses. — As a gem. 




PART IV. 



DETERMINATIVE MINERALOGY. 



CHAPTER XXXVI. 



TABLES FOR RAPID DETERMINATION OF THE 

COMMON MINERALS. 

In the tables which follow, the minerals are divided first into 
minerals of metallic lustre and minerals of non-metallic lustre. 
The minerals of metallic lustre are divided into forty-eight groups 
by eight horizontal divisions based on color and hardness and six 
vertical divisions based on the effect of the blowpipe flame on 
charcoal. 

From the minerals of non-metallic lustre a division, A, of, min- 
erals possessing a taste, that is, soluble in water, is set aside. The 
non-metallic minerals without taste, as Division B and C, are then 
divided into forty-four groups, the action of hydrochloric acid 
given in each four horizontal divisions, and the action upon char- 
coal, in B, and in the platinum forceps, in C, giving the vertical 
divisions. 

The species in each group are printed in heavy type or ordinary 
type, according to their importance. The symbols, I., T., H., O., 
M., Tri. before each name designate the system of crystallization. 
The formula following is expected to suggest confirmatory blow- 
pipe tests and the lines of fine type to suggest distinctive tests 
or characters. H signifies hardness, G, specific gravity, S. Ph., 
salt of phosphorus. The page reference to the complete descrip- 
tion of the species is also given. 

For accurate results these precautions must be taken : 

I. All tests should be made upon homogeneous material, prefer- 
ably crystalline, as the tests may be unreliable if the material is 
impure, un/ess the effect of the impurity upon the test is known. 
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2. The classifying tests must be decidedy and, if weak, should 
attributed either to improper manipulation or to the presence of 
some accidental impurity. 

3. The lustre must be observed on a fresh fracture. 

4. The determination must be confirmed by reference to the 
description of the species, and, when possible, by comparison with 
known specimens. 

5. When the test is very close to a line of division it is better 
to look for the mineral upon both sides of the line. 

If, as may happen, a specimen belongs to a rare species not in- 
cluded in the scheme, it will not yield tests corresponding to any 
species therein and more elaborate tables will be needed. 
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TABLE OF ATOMIC WEIGHTS. 



ACCORDING TO CLARKE (H=x). 



Symbol. At. Wt. 

....Al. 26.91 

....Sb 119-52 

A ? 

...As 74.44 

....Ba 136.39 

....Bi 206.54 

B 10.86 

...Br 79.34 

...Cd III. 10 
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Mg 24.10 
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Zirconium Zr... 



Element. Symbol. At. Wt. 

Mercury Hg 198.49 

Molybdenum Mo 95*26 

Neodymium Nd '39. 7© 

Nickel Ni 58.24 

Nitrogen N '3.93 

Osmium O' 189.55 

Oxygen 15.88 

Palladium Pd 105.56 

Phosphorus P 30.79 

Platinum Pt 193-41 

Potassium K 38.82 

Praseodjrmium Pr I42.50 

Rhodium Rh 102.23 

Rubidium Rb 84.78 

Ruthenium Ru IOO.91 

Samarium Sm I49.13 

Scandium So 43-78 

Selenium ..Se 78.42 

Silicon Si 28.18 

Silver Ag I07.Ii 

Sodium Na 22.88 

Strontium Sr 86.95 

Sulphur S 31.83 

Tantalium Ta 181.45 

Tellurium Te 126.52 

Terbium Tb 158.80 

Thallium Tl 202.61 

Thorium Th 230.87 

Thulium Tu 169.40 

Tin Sn II8.15 

Titanium Ti 47-79 

Tungsten W 183.43 

Uranium U 237.77 

Vanadium V 50.99 

Ytterbium Yt 171.88 

Yttrium Y 88.35 

Zinc Zn 64.91 
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Absorption of light, 177 

in doubly refracting crystals, 178 

in isometric crystals, 177 

in optically biaxial crystals, 179 

in optically uniaxial crystals, 178 
Acicular, 144 
Acid potassium sulphate, reactions with, 

108 
Acids, uses of in blowpipe work, 107 

results obtained with, 107 
Adamantine lustre, 154 
Aluminates, 190 
Aluminum, minerals of, 321 

uses and extraction, 321 , 322 

summary of tests, 1 10 

see also, 99, 108, 130, 134 
Ammonium, minerals of, 297 

summary of tests, I lo 
Amorphous, 142 
Angle between optic axes, determination, 

175 
Angle of least deviation, 164 

Antimonides, 189 

Antimony, minerals of, 257 

uses and extraction, 257 

summary of tests, 1 10 

see also, 97, 98, 102, 107, 125, 128 
Apparatus, 86 
Arborescent, 144 
Arsenates, 191 
Arsenic, minerals of, 255 

uses and extraction, 255 

summary of tests, ill 

see also, 97, 98, 99, 102, 107, 125, 133 
Arsenides, 189 
Asterism, 155 

Atomic weights, table of, 399 
Axes, crystallographic, 5 
Axes, interchangeable or equivalent, 6 

of the six systems, 6 

selection of in each system, 7 



Axial angle, measurement, 175 
Axial cross, construction, 76 

Barium, minerals of, 298 
uses of, 298 
summary of tests, 112 
see also, 99, 130, 133, 135 
Basal pinacoid, see pinacoid 
Basic silicates, 381 
Beads, how to make, 88 
Bead tests, 103 

Beryl formula, calculation, 192 
Berzelius lamp, 85 
Biaxial crystals, 

absorption, pleochroism, 179 

optical characters, 171 
Bismuth, minerals of, 251 

uses and extraction, 252 

summary of tests, 112 

see also, 97, 98, 99, 102, 107, 127, 128 
Bismuth -flux, composition, 98 

reactions with, 98 
Bladed, 143 

Blast, method of blowing, 87 
Blowpipe analysis, scheme for, 125 
Blowpipe, description of the, 83 

care of, 83 
Blowpipe lamp, 84, 85 
Boracic acid, uses, 109 
Boracic acid flux, reactions with, 109 
Borates, 190 
Borax, action of as flux, 103 

reactions with, 104, 105 

how to make bead, 88 
Boron, minerals of, and their uses, 331 

summary of tests, 112 

see also, 132, 133 
Botryoidal, 143 
Brachy dome, see dome 

pinacoid, see pinacoid 

pyramid, see pyramid 
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BrauD's solution, 15 1 

Brittle, 146 

Bromides, 189 

Bromine, summary of tests, 1 12 

see also, loi, 108, 131 
Bunsen burner as lamp, 84 

Cadmium, mineral, 233 

use and extraction, 233 

summary of tests, 1 13 

see also, 99, 102, 107, 126 
Caesium, tests for, 95 
Calcium, minerals and their uses, 303 

summary of tests, 113 

see also, 95, 99, 130, 133, 135 
Capillary, 144 

Carbon minerals and their uses, 338 » 
Carbonates, 1 89 
Carbon dioxide, summary of tests, 1 13 

see also, loi, 108, 132, 133 
Characters of minerals, 137, et seq. 
Charcoal, method of using, 95 

reactions obtained on, 97, 98 

forms used, 85 
Chart, spectroscopic, 94 
Chemical composition of minerals, 187 
Chlorides, 189 
Chlorine, summary of tes's, 1 13 

see also, 108, 1 13, 131 
Chromates, 190 
Chromium, summary- of tests, 1 13 

see also, 102, 105, 129 

from chromite, 196 
Circularly polarizing uniaxial crystals, 169 ■ Crystallography, I-83 



Columbates, 191 
Columnar, 142 

Composition of minerals, 188 
Conductivity of minerals, 184 
Copper, minerals of, 263 

uses and extractioD, 263, 264 

sunmiary of teats, 1 14 

see also, 99, 102, 105, 106, 109, 127, 
130 
I Crystal expansion, 181 

forms, 8 

habit, 9 

projection, 76-81 
Crystalline aggregates, 142 
Crystalline structure, explanation of, I 
Crystals, classification, 6 

circularly polarizing, 169 

definition, I 

determination of optical characters, 
168, 174 

electrical characters, 183 

laws of, 2 

magnetic characters, 183 

optical characteristics, 164, <*/ ieq. 

positive and negative, 166, 172 

thermal characters, 1 80 
Crj'stals of minerals, 138 

curved surfaces, 140 

etchings, 140 

habit, 138 

inclusions, 14I 

striations, 140 

twinning, 139 



Cleavage, 146 

Qino dome, see dome 

pinacoid, see pinacoid 

prism, see prism 

pyramid, see pyramid 
Closed tubes, uses of, loi 

reactions in, loi 
Cobalt, minerals of, 219 

uses of, 219 

extraction of, 219 

>unimar}- of lest>, 1 14 

>ee aUo. 99. 105. lot), 107, 109, 126. 
130 
Cohah ><'luli«>n, reaction with, 108 
Color, terms u>e>i, 155 
Coloration of riame, 91 



definition, I 
Cube, 14, 18, 21 
Curved surfaces of crystals, 140 
Dana's >)-rabols, 9 
Dendritic 144 
Dichroism, 124 
Dielectric induction, 184 
Dihexa^onal p>Tamid, 34 

prism, 35, 39 
Diploid, 21 

Direction of rotation, 1 70 
Ditetragonal prism, 26, 32 

pyramid, 25 
Dodecahedron, 14, 18, 21 
I>omes, macro, 50, 5 1, 63 

brachy, 50, 51,33, 63 



GENERAL INDEX. 



403 



ortho, 56, 57 
Double refraction, strength of in uniaxial 

crystals, x66 
Drawing crystals, 76 
Drusy, 145 
Dull in lustre, 154 
Elastic 146 

Electrical characters of crystals, 183 
Elements, 189 
Etching figures, 149 
Etchings of crystals, 140 
Expansion of crystals, 181 

measurement, 181 

change of angle, 1 82 

change of optical characters by, 182 
Extinction between crossed nicols, 161 
Extinction directions, 167, 173 
Fibrous, 143 
Feel, terms used, 152 
Flame colorations, 91 

structure of, 87 

oxidizing, 87 

reducing, ^ 
Flaming, 106 
Fletcher lamp, 85 
Flexible, 146 
Fluorides, 131 
Fluorine, suQimary of tests, 115 

see also, loi, xo8, 132 
Fluorescence, 155 
Foliated, 143 
Form, ideal, 8 

Form, ideal determination of, 11 
Forms, definition, 8 
Formula of mineral, determining, 188, 

161 
Fracture, description of terms, 148 
Fuess goniometer, 73 
Fuess microscope, 161 
Fusibility, scale of, 90 

how to test, 90 
Fusion, manner of, 91 

Gas blowpipe, 84 

Geode, 145 

Gliding planes, 148 

Gold from iron minerals, 196 

minerals of, 286 

uses and extraction, 286 

tests for, 99, 107, 127, 131 



Gold, uses of with beads, 106 
Goniometers, 72 
Granular, 143 
Greasy luster, 154 
Gypsum plate, 167 

Habit of crystals, 138 
Hand- goniometers, 72 
Hardness, definition and determination, 

145 
scale of, 145 

Heat rays, transmission, 180 

Heating power of flame, 88 

Heavy liquids, use of, 151 

Hemi prism, 63 

pyramid, 55 
Hemimorphic class, 42, 52 

brachy dome, 53 

macro dome, 53 

pyramid, 43, 53 

ditrigonal pyramid, 43 

hexagonal pyramid, 43 

trigonal pyramid, 43 
Hexagonal crystals, optical characters, 165 
Hexagonal prism of first order, 35, 37, 

45.46 
second order, 35, 37, 39, 43, 45, 46 
third order, 37, 46 

pyramid of first order, 35, 38 
of second order, 36, 37, 39 
Hexagonal system, 33-47 

axes, 33 

classification, 33 

definition, 33 

drawing axial cross, 78 
Hexagonal system, dihexagonal pyramid 
class 

symmetry, 33 

general form, 33 

limit forms, 34 

combination, 36 
Hexagonal system, hemimorphic class 

general form, 43 

limit forms, 43 

combination, 43 
Hexagonal system, scalenohedral class 

symmetry, 39 

general form, 39 

limit forms, 39 
Domes, clino, 56, 57 
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Heugonal sTStem, scalenohednl c1ms» 

oombiiimttOD, 40 
Hengonal gfitan, third orderpjrnunid class 

sjFiimetiy, 37 

general fonn, 37 

limit fonns, 37 

cotiiblTiatioDSy 3^ 
Heugonal system, third order ihombohe* 
dfondass, 46 

general fonn^ 46 

limit Ibnns, 46 

combinations, 47 
Hexagonal system, trapeaohedral dass, 44 

general forms, 44 

limit fonns, 44 

combinations, 45 
Hexagonal twins 

plane a face of a rhombohedron, 68 
the basal pinacoid, 68 
a fiice of first order prism, 69 
a face of second order prism, 69 
Hexahedron or cube, 14, 1 8, ax 
Heztetrahedron, x8 
Heioctahedron, 13 
Hydrogen minerals, 337 
Hydrous silicates, 383 
Hydroxides, 189 
Ideal forms, definition, 8 
Impalpable, 143 
Inclusion of crystals, 141 
Incrustation, I45 
Index of refraction, 156 

of an isometric crystal, 164 
uniaxial crystals, 166 
biaxial crystals, 172 
Indices, 10 

Indices of refraction, biaxial crystals, 172 
Indium, tests for, 95 
Interchangeable axes, 6 
Interference between crossed nicols, 161 
Interference color as a test, 167, 173 

colors with white light, 162 
Interference phenomena 

in optically uniaxial crystals, 166 
with convergent light, 168 

in optically biaxial crj'stals, 172 
with convergent light, 173 
loiiides, 189 
Iodine, summary of tests, 115 

see also, loi, 108, 131 



Iridescence, definidoo, 155 
Iridium minerals, 389 
Iridium, uses and extractiaii, 189 
Iron, minerals of, 194 

uses of, X94 
^ sommaxy of tests, zx6 

see also, 99, 10a, X05, 107, 109, fia6^ 
ia8, 130 
Isometric crystals 

optical character, 164 
drawing axial cross, 76 
Isometric system, la 
axes of, 6, la 
definitioQ, xa 
Isometric system, diploid dass, ao 
general ibtm, ax 
limit forms, ax 
combination, sx 
Isometric system, hexoctahedral dtH, xa 
general form, X3 
limit forms, X3, X4 
combinations, x6 
Isometric system, hextetrahedral dtH, l8 
general form, x8 
limit forms, x8 
combinations, 19 
Isometric twins, 65 

plane, an octahedron face, 64 
a cube face, 65 
a dodecahedron face, 66 
Isomorphism, 187 
Isotropic crystals, 164 
absorption, 177 
pleochroism, 177 
Jolly's balance, use of, 151 

Klein's solution, 151 

Lamellar, 143 

I^mp, the blowpipe, 84, 85 

oils used in, 85 
Laws of crystals, 2 

of constancy of interfacial angles, 2 

of symmetry, 3 

of simple mathematical ratio, 8 
Lead, minerals of, 241 

uses and extraction, 241 

summary of tests, 1 16 

see also, 97, 98, 99, 102, X07, I09, 
127, 128 
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Lead, uses of with beads, lo5 
Lithium, summary of tests, 117 

see also, 95, 109, 133 
Lustre, definition, 154 

description of terms, 154 

Macro dome, see dome 

pinacoid, see pinacoid 

pyramid, see pyramid 
Magnesium, minerals of and their uses, 317 

summary of tests, 1 17 

see also, 99, 108, 130, 134 
Magnesium ribbon, tests with, 108 
Magnetic characters of crystals, 183 
Malleable, I46 
Mammillary, 144 
Manganese, minerals of, 214 

uses of, 214 

summary of tests, 1 17 

see also, 105, 107, 109, 129 
Massive, 142 

Mattrasses, see closed tubes 
Measurement of crystal angles, 72 
Mercury, minerals of, 276 

uses and extraction, 276 

summary of tests, 118 

see also, 98, 102, 107, 128, 133 
Metallic lustre, 154 
Metasilicates, 357 
Micaceous, 143 
Mica plate, 167 

wedge, 167 
Microscope, *polarizing, 161 

Fuess, 161 
Miller's symbols, 9 
Minerals, distinctions of, 137 

characters of, 137, et seq. 

tables, 397 
Mineralogy, definition, 137 
Miscellaneous apparatus, 86 
Moh's scale of hardness, 144 
Molybdates, 190 
Molybdenum, minerals of, 261 

uses, 262 

summary of tests, 118 

see also, 97, 98, 99, 105, 107, 129, 133 
Monoclinic crystals 

optical characters, 171 
distinctions, 176 

drawing axial cross, 77 



Monoclinic system, 55 
axes of, 6, 55 
definition, 55 
Monoclinic system, prismatic class, 55 
general form, 55 
limit forms, 56, 57 
combinations, 58 
Monoclinic twins, 70 

plane, the ortho-pinacoid, 70 
basal pinacoid, 70 
a dome face, 70 
Negative crystals, uniaxial, 166 

biaxial, 172 
Nickel, minerals of, 222 
uses of, 222 
extraction of, 222 
summary of tests, 119 
see also, 99, 105, 106, 107, 109, 126, 
129 
Nitrates, 189 
Nitric acid, summary of tests, 119 

see also, 131 
Nodular, 143 
Non-metallic lustre, 154 
Normal incidence, 157 
Notation, methods of, 9 

Octahedron, 1 5, 21 
Odors in closed tubes, loi 

in open tubes, 103 

terms used, 153 
Oils used in lamps, 85 
Odlitic, 144 
Opalescence, 155 
Opaque, 156 
Open tubes, uses of, 102 

reactions in, 103 
Optic axes, determination of angle, 175 
Optic axis, uniaxial, 165 

biaxial, 171 
Optical characters, 154 

determination, 168 
Optical characteristics, 164, et seq. 
Optical distinctions, 176 
Optical principal sections, 

imiaxial, 165 

biaxial, 171 
Optically isotropic crystals, 164 

uniaxial crystals, 165 

biaxial crystals, 171 
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Ortho dome, see dome 

pinacoid, see pinacoid 

prism, see prism 

pyramid, see pyramid 
Orthorhombic crystals 

optical characters, 171 

distinctions, 176 

drawing axial cross, 77 
Orthorhombic system, 48 

definition, 48 

axes in, 6, 48 

series, 48 

selection of unit plane, 48 
Orthorhombic system, hemimorphic class, 

52 

general form, 53 

limit forms, 53 

combinations, 53 
Orthorhombic system, pyramidal class, 49 

general form, 49 

limit forms, 50 

combinations, 52 
Orthorhombic twins, 69 
plane, a prism face, 69 

a dome face, 69 

a pyramid face, 69 
Orthosilicates, 367 
Oxidation by means of blowpipe, 88 
Oxides, 189 
Oxidizing flame, 87, 88 

Parameters, 9 
Parting, 149 
Pearly lustre, 154 
Penfield's solution, 1 51 
Percussion figures, 149 
Phosphates, 190 
Phosphorescence, 155 
Phosphorus, summary of tests, 119 

see also, 108, 132 
Physical characters of minerals, 137 
Piezoelectricity, 1 86 
Pinacoid, basal, 26, 30, 31, 35, 37, 39 45, 

4^ 57. ^2 

brachy, 50, 51, 63 
Pinacc)i<l, clino, 56, 57 

macn.>, 50, 63 

orlho, 56, 57 
Pisolitic, 144 
JMane, basal, 43, 53 



Plane of polarized light, 159 
Planes of symmetry, 5 

of vibration, 158 
Plaster tablets, methods of use, 96 

reactions obtained on, 97, 98 

preparation, 85 
Platinum minerals, 289 
Platinum production, 289 
Play of color, 155 
Fleochroism, 177 

in optically uniaxial crystals, 178 

in biaxial crystals, 179 
Plumose, 144 
Polariscope, description and xrac 

for parallel light, 160 

for convergent light, 163 
Polarized light, 159 
Polysilicates, 351 
Positive crystals, uniaxial, 1 66 

biaxial, 172 
Potassium, minerals of, 291 

uses, 291 

summary of tests, 119 

see also, 95, 133, 135 
Potassium chlorate, reactions with, 109 

bisulphate, 108 
Principal sections, optical uniaxial, 165 

biaxial, 171 
Principal vibration directions, 1 71 
Prism, brachy, 50, 51 

clino, 58 

dihexagonal, 35, 39 

ditetragonal, 26, 32 

ditrigonal, 43, 45 

hemi, 63 

macro, 50, 51 

of first order, 26-31 

of second order, 26, 30, 3 1 

of third order, 30 

ortho, 58 

rhombic, 53 

trigonal, 39, 43 

unit, 50, 51, 58 
Pyramid 

clino, 56 

dihexagonal, 34 

ditctraj^onal, 25 

hemi, 55 

of first order, 27, 30 

of second order, 27, 30, 32 
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lyamid, of third order, 37 

ortho, 56 

trigonal, 45 

unit series, 56 
f^rainid, hemimorphic, 53 

ditrigooal, 43 

hexagonal, 43 

trigonal, 43 
Pyritohedron, 21 
Pyroelectricity, 185 

Quarter undulation mica plate, 167 
Quartz wedge, 167 

Radiating, 145 
Reducing flame, 88, 89 
Reduction, 88 
Reduction color tests, 106 
Reflection, total, 157 
Reflection goniometers, 72 
Refraction, definition, 156 

double, 158 

index of, 156 

in plane parallel plates, 157 

principal indices of biaxial crystals, 172 
Reniform, 143 
Resinous luster, 154 
Reticulated, 144 
Rhombic prisms, 53 
Rhombohedron of the flrst order, 40, 45, 46 

of second order, 47 

of third order, 46 
Rock, definition 138 
Rotation, direction of, 170 
Rubidium, tests for, 95 

Salt of phosphorus, action of as flux, 104 

reactions with, 105 

bead, how to make, 88 
Scale of hardness, Moh's, 145 

fusibility, v. Kobell's, 90 
Scalenohedron, hexagonal, 39 

tetragonal, 30 
Schemes for blowpipe analysis, 125 

for determination of minerals, 396 
Sclerometer, 146 
Sectile, 147 
Selenides, 189 
Selenium, summary of tests, 120 

see also, 97, 98, 99, 102, 127 



Sheaf like, 144 

Silica, 342 

Silicates, and their uses, 342 

Silicates, 191 

Silicon, summary of tests, 1 20 

see also, 99, 130 
Silky lustre, 154 
Silver, minerals of, 278 

uses and extraction, 278 

summary of tests, 120 

see also, 99, 107, 127, 131 
Simple mathematical ratio, law of, 8 
Soda, action of as flux, 98 

reactions with, 99 
Sodium, minerals of, 293 

reactions with, 100 

uses, 293 

summary of tests, 121 

see also, 95, 133 
Sodium thiosulphate, method of using, 107 

reactions with, 107 
Specific gravity determination, 150 
Spectroscope, use of, 92 

description, 93 

chart, 94 
Sphenoid, tetragonal, 32 
Stalactitic, 144 

Streak, definition and determination, 155 
Striations of crystals, 140 
Strontium, minerals of and their uses, 300 

summary of tests, 1 21 

see also, 99, 130, 133, 135 
Sublimates in closed tubes, loi 

in open tubes, 103 

on charcoal, 97 

on plaster, 97 
Submetallic, etc., see metallic, etc. 
Subsilicates, 381 
Sulphates, 190 
Sulphides, 189 
Sulphur minerals, 335 
Sulphur extraction, 335 

summary of tests, 121 

see also, 102, X27 
Summary of blowpipe tests, 1 10 
Surface conductivity, 180 
Symbols of Weiss, Dana, and Miller, 9 
Symmetry, definition of, 3 

planes of, 5 

law of, 3 
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Symmetry, true structural, 5 
Systems, the six crystal, 6 
axes of, 9 
classes of, 5 
determinations of, 7 
Tables for mineral determination, 320 
Tarnish, definition, 155 
Taste, terms used, 153 
Tellurides, 189 
Tellurium minerals, 335 
summary of tests, 121 
see also, 98, 99, 102, 127 
Tenacity, description of term, 146 
Tetragonal crystals 

optical characters, 165 
drawing axial cross, 77 
Tetragonal prisms of 1st order, 26 
prisms of 2d order, 26 
pyramid of 2d order, 27 
sphenoid, 32 
trisoctahedron, 15, 21 
tristetrahedron, 19 
Tetragonal system, definition, 23 
axes, 6, 23 
classification, 23 
Tetragonal system, ditetragonal pyramid 
class, 24 
symmetry of, 24 
general form, 25 
limit forms, 25 
series and combinations, 27 



Tin, minerals of, 234 

uses and extraction, 234 

summary of tests, 122 

see also, 97, 98, 99, 102, 107, 108, 
126, 127, 130 

uses with fluxes, 106 

uses in color tests, 106 
Titanium, minerals of, 236 

uses, 236 

summary of tests, 1 22 

see also, 105, 107, 108, 128, 130, 134 
Titano-silicates, 395 
Total reflection, 157 
Translucency, definition and forms, 156 
Transparent, 156 
Trapezohedron, trigonal, 44 
Triclinic crystals 

optical character, 17 1 
distinction, 176 

drawing axial cross, 77 
Triclinic system, definition, 6, 61 

axes, 61 

series, 61 
Triclinic system, pinacoidal class, 61 

general form, 62 

limit forms, 62 

combinations, 63 
Triclinic twins, 70 
Trigonal prism, see prism 
pyramid, see pyramid 
trapezohedron, 44 
trisoctahedron, 15, 21 



Tetragonal system, scalenohedral class, 31 

general form, 31 tristetrahedron, 19 

limit forms, 31 Tube tests, loi, 102 

series and combinations, 32 Tungstates, 190 

Tetragonal system, third order pyramid Tungsten, summar\' of tests, 122 



class, 29 

general form, 30 

limit forms, 30 

series and combinations, 30 
Tetragonal twins, 67 
Tetrahedron. 18 
Tetrahexahedron. 14, iS 
Tetrapyramid, 62 
Thallium, lest? for, 95 
Thermal characters, I So 
Thermo-electricity, 1 84 
Thorium, minerals of, 239 

uses of, 239 
Thoulel solution, 151 



see also, 99, 105, 107, 128 

from wolframite, 196 
Twin crystals drawing of, 81 
Twinning crj'stals, 65-71, 139 

definition, 65 

plane, 65 

axis, 65 
Twins, 65 

hexagonal, 68 

isometric, 65 

monoclinic, 70 

orthorhombic, 69 

tetragonal, 07 

triclinic. 70 
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Types, 189 

Uniaxial crystals, 

optical characters, 165 

absorption, 178 

pleocbroism, 178 
I'nit prism, 50, 51, 58 

pyramid, 56 
Uranium, minerals of, 260 

uses, 260 

summary of tests, 123 

see also, 105, 107, 129 

Vanadinates, 1 91 
Vanadium, summary of tests, 1 23 
see also, 99, 105, 107, 1 29 



Vibration, directions, 171 
Vibrations, planes of, 158 
Vitreous lustre, 154 
Volatilization, elements affected, 95 

Water, tests for, loi, 133 
Weiss' s symbols, 9 
Westphal's balance, use of, 152 

Zeolites, 384 

Zinc, minerals of, 228 

use of, 228 

extraction of, 228 

summary of tests, 123 

see also, 97, 99, 102, 107, 108, 126 
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Acmite, 360 

Aegirite, 360 

Actinolite, 364 

Adamantine spar, 324 

Adularia, 354 

A^tc, 346, 348 

Agolite, 392 

Aikinite, 253 

Alabandite. 2x4 

Alabaster, 306, 307 

Albite. 354 

Alexandrite, 330 

AUanite, 380 

Almandite, 370 

Aluminite, 327 

Alum stone, 328 

Alunite, 327 

Alunogen, 328 

Amalgam, 280 

Amazonstone, 354 

Amber, 339 

Amber mica, 389 

Amethyst, 348 

Amphibole, 363 

Analcite, 385 

Anatase, 238 

Andalusite, 377 

Andradite, 370 

Anglesite, 245 

Anhydrite, 305 

Ankerite, 316 

Annabergitf*, 225 

Anorthite, 356 

Anorthoclase, 354 

Antimony, 258 

Apatite, 308 

Aphthitalite, 291 

Apophyllite, 384 

Aquamarine, 365 

Aragonitc, 310 

Argentine, 313 

Argentite, 280 

Aragonite, 310 

Arsenic, 255 

Arsenolite, 257 

Arsenopyrite, 200 

AsbestuB, 345, 364 

Asparagus stone, 308 
Asphaltum, 339 

Atacamite, 372 

Augite, 358, 360 



Autunitc, a6i 
Aventurine, 348 
Axinite, 380 
Axurite, 274 

Balas ruby, 3x9, 320 
Barite, 298 
Baiytocalcite, 300 
Bastite, 358 
Bauxite, 326 
Beryl, 365 
Biotite, 389 
Bismitet 354 
Bismuth, 252 
Bismuth ochre, 354 
Bismuthinitc, 253 
Blsmutlte, 254 
Black hematite, 2x7 

jack, 298 

lead, 34X 

mica, 389 

oxide of copper, 37X 

oxide of manganese, 3x6 
Blende, 228 
Bloodstone, 349 
Blue carbonate of copper. 274 

iron earth, 209 

stone, 344 

vitrol, 272 
Bog iron ore, 207 

manganese, 2x7 
Boracite, 334 
Borax, 332 
Bornite, 267 
Boronatrocalcite, 332 
Bort, 34X 

Bournonite, 243 
Braunite. 2x5 
Brimstone, 335 
Brittle silver ore, 283 
Brochantitet 273 
Bromargyrite, 285 
Bromyrite. 285 
Bronzite, 358 
Brookite, 238 
Brown clay ironstone, 208 

hematite, 207 
Brucite, 318 

Calamine, 23X 
Calaverite, 289 



Calc spar, 3x1 
Calcite. 3xx 
Calomel* 377 
Cancrinite, 368 
Capillary pyrites, 333 
Carbonado, 341 
Camelian, 349 
Caasiterltc, 935 
Cat'»-eye, 330, 348 
Celcstite» 300 
Cerargyrita, 284 
Cerussite, 247 
Ceylonite, 320 
Chabasite, 385 
Chalcanthlte, 973 
Chalcedony, 346, 348 
Chalcocite, 366 
Chalcopyrlte, 367 
Chalk, 3x3 
Chesterlite, 354 
Chiastolite, 377, 39x 
Chili saltpetre, 396 
China clay, 394 
Chloanthite, 225 
Chondrodite, 38X 
Chromic iron, six 
Chromitc, 3xx 
Chrysoberyl, 330 
Chrysocolla, 374 
Chrysolite, 37X 
Chrysoprase, 349 
Chrysotile, 345 
Cinnabar, 377 
Clausthalite, 344 
Clay ironstone, 205 
Qinochiore, 390 
Coal, mineral, 338 
Cobalt glance, 330 

pyrites, 3x9 
Cobaltite. 330 
Colemanite, 333 
Columbite, 2x2 
Copiapitc, 208 
Copper, 265 
Copper glance, a66 
Copper nickel, 334 

pyrites, 367 

uranite, 261 
vitriol, 272 

Copperas, 209 

Cordierite, 367 
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Corundum, 334 
Crocidolite, 365 
Crocoitc, 349 
Cryolite, 323 
Cube ore, a 10 
Cuprite, 270 
Cymnite, 366 
Cymophane, 330 

Dark ruby silver, 383 
Datolite. 378 
Deecloizite. 250 
Desmine, 385 
Diallage, 360 
Diamond, 338, 340 
Diaspore, 326 
Dichroite, 367 
Diopside, 360 
Dioptate, 275 
Dog-tooth spar, 313 
Dolomite, 314 
Dry-bone, 230 

Edenite, 364 
Eisstein, 323 
Elaeolite, 367 
Electric calamine, 231 
Bmbolite, 285 
Emerald, 365, 366 
Emerald nickel, 325 
Emer>', 324 
Enargite. 268 
Enstatite, 358 
Epidote, 379 
Epsomite, 318 
Epsom salt, 318 
Erythrite, 321 

F'alsc topa?, 348 
Fayalite, 372 
Feather ore. 244 
Feldspar, 352 
Fclsite. 354 
Fibrolitc, 377 
Fiorite, 351 

F'crruginous quartz, 348 
Fire opal, 351 
Flint. 34.^ 
Flos ferri, 310 
Fluoritc. 304 
Fluor spar, 304 
Foiuainbleau i>andstonc. 313 
Fool's tfold, 1.^7 
Franklinite, 20J 
French chalk, 31^2 
Fiiller> earth, i,\^'- 

Galena. 24.' 
Galenite, 24J 
Garnet. 3'' ^ 
Garnierite, ■22( 
( »ay-Lussitc. 2.>7 
Geyserite, 351 



Olbbsite. 336 
Glauber salt, 396 
Qlauberltc, 395 
Glaucophane, 365 
Qoethite, 307 
Qold, 387 
Goshenite, 366 
Qoalarite, 339 
Graphic tellurium, a88 
Graphite, 338, 341 
Gray antimony, 358 
copper ore, 369 
Greasy quartz, 348 
Qreenockite, 333 
Green carbonate of copper, 373 
Grossularite, 370 
Guano, 309 
Qypaum, 306 

Halite, 394 
Hausmannite, 315 
Haiiynite, 368 
Heavy spar, 398 
Hedenbergite, 360 
Heliotrope, 349 
Hematite. 304 
Heasite, 381 
Heulandite, 385 
Hiddenite, 361 
Hornblende, 363, 364. 
Horn silver, 284 

mercury. 277 
Horse flesh ore, 267 
Hyacinth, 374 
Hyalite, 351 
Hyalosiderite, 372 
Hydraulic limestone, 313 
Hydrozincite, 230 
Hydrohemaiite, 207 
Hypersthenr, 358 

Ice. 337 

Iceland spar, 311, 313 
Idocrase, 373 
Ilmenite, 2o<> 
Indiaiiite, 356 
Infusorial earth, 344. 351 
lodargyrite. 285 
lodyrite. 2H5 
lolite. 367 
Iridosmine, 2;o 
Iron, \y/' 
Iron pyrites, i/j 
Isinglass, vSfi 

Jade. ^64 
Jadcit".- ;' I 
Jamesonite, 244 

Jasper, H'' 

Kainitc. j'^2 
Kalinitr, ^ ,2 
Kaolin, 3 >4 



Kaoliaite, 394 
Karmaaita. 359 

Krennerite, 389 
Kyanite, 366 

Labradorite, 356 
Lapis Lazuli, 369 
Lasalite. 339 
Lazurite, 369 
Lead, 34a 
Lepidolite, 390 
Leucite, 357 
Leucopyrite, 90a 
Libethenite, 37a 
Li^t ruby silver, aSr 
Lime feldspar, 356 

soda feldspar, 356 

uranate, a6x 
Limestone, 3x1, 3x3 
Limonlte, 307 
Linarite, 946 
Linnaeite, 3x9 
Lithia mica, 390 
Lithographic limestone, 3x3 
Lodestone, aoa 
Ldllingite,'302 
Loxoclase, 354 

Magnesian limestone. 3x4 

mica, 389 
Magnesite, 3x9 
Magnetic iron ore, 202 
Magnetic pyrites, 197 
Magnetite, 202 
Malachite, 273 
Malacolite, 360 
Manganblende, 2x4 
Manganite, 216 
Marble, 311, 313 
Marl, 313 
Marcasite, 199 
Martite, 205 

Mascagnite, 297 

Meerschaum, 393 

Melaconite, 271 

Melanterite, 309 

Melilite. 374 

Menaccanite, 206 

Mercury, 276 

Mica, 345 

Microcline, 354 

Milky quartz. 348 

Millerite, 223 

Mimetite, 247 

Mineral coal, 338 

Minium, 244 

Mirabilite. 296 

Mispickel. 200 

Misy, 208 

Molybdenite. 262 

Molybdite, 262 

Monazite, 240 

Mundic. 197 
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Muscovite, 388 

Native antimony, 258 
arsenic, 255 
boracic acid, 331 
bismuth, 252 
copper, 265 
gold, 287 
iron, 196 
lead, 242 
mercury, 276 
platinum, 290 
silver, 279 
sulphur, 335 
tellurium, 337 
ultramarine, 369 
vermilion, 277 

Natrolite, 387 
Needle ore, 253 
Nephelite, 367 
Nephrite, 364 
Niccolite, 224 
Nickel bloom, 225 
Nigrine, 237 
Nitre, 292 
Noselite, 368 
Noumeite, 226 

Ochre, red, 205 

yellow, 208 
OctahedrUe, 238 
Oligoclase, 355 
Olivenite, 273 
Olivine, 371 
Onyx, 313, 349 
Opal, 350 

jasper, 351 
Orapgite, 240 
Orpiment, 256 
Orthoclase, 352 
Osteolite, 309 
Ozocerite, 339 

Pandermite. 333 
Pearl sinter, 351 
Peari spar, 314 
Pectolite, 362 
Pencil-stone. 395 
Pentlandite, 224 
Peridot, 371 
Pericline. 354 
Perovskite, 317 
Perthite, 354 
Petalite, 352 
Petroleum, 339 
Pharmacolite, 310 
Pharmacotiderite, 210 
Phenacite, 372 
Phlogopite, 390 
Phosgenite, 248 
Phosphate rock, 308 
Phosphorite, 309 



Picotite, 320 
Pitchblende, 260 
Plasma, 349 
Platinum, 290 
Plumbago, 341 
Plumbocalcite, 3x4 
Polybasite, 284 
Potash alum, 39a 

feldspar, 3C3 

mica, 388 
Prase, 349 
Precious opal, 351 

garnet, 370 
Prehnite, 380 
Priceite, 333 
Prochlorite, 391 
Proustite, 281 
Psilomelane, 2x7 
Purple copper ore, 267 
Pyrargyrite, 282 
Pyrite, 197 
Pyrolusite, 2x6 
Pyromorphite, 246 
Pyrope, 370 
PyrophylHte, 395 
Pyroxene, 358 
Pyrrhotite, 197 

Quartz, 346 

Realgar, 256 
Red antimony, 259 

hematite, 205 

iron ore 204 

ochre, 205 

oxide of copper. 270 

silver ore, 28X 

zinc ore, 229 
Rensselaerite, 392 
Rhodochrosite, 2x8 
Rhodonite, 362 
Rhyacolite, 354 
Ripidolite, 391 
Rock crystal, 34S 

gypsum, 307 

meal. 314 

salt, 294 
Rose quartz, 348 
Ruby, 324 

copper, 270 

spinel, 319 

silver, 281, 282 
Rutile. 237 

Sal amnnoniac, 297 
Salt, 294 
Saltpetre, 292 
Sandstone, 344, 349 
Sanidin, 354 
Sapphire, 324 
Sard, 349 
Sardonyx, 349 
Sassolite, 331 



Satin-spar, 307, 313 
Scapolite, 379 
Scheelite, 316 
Schorl, 381 
Scorodite, axo 
Selenite, 306, 307 
Semi opal, 351 
Sanarmontitc, 260 
Sepiolite, 393 
Serpentina, 392 
Siderite, 210 
Siliceous sinter, 351 
Silllmanite, 377 
Silver, 279 
Silver glance, 280 
Slate, 344 
Smaltite, 221 
Smithsonite, 230 
Smoky quartz, 348 
Snow, 337 
Soapstone, 391 
Soda feldspar, 354 

lime feldspar, 355 
Soda nitre, 296 
Sodalite, 368 
Spartaiie, 314 
Spathic iron, 2x0 
Specular iron, 204 
Spessartite, 370 
Sphalerite, 228 
Sphene, 394 
Spinel, 319 
Spodumene, 360 
Stalactite, 3x3 
Stalagmite, 313 
Stannite, 235 
Stassfurtite, 334 
Staurolite, 382 
Steatite, 392 
Stephanite, 283 
Stibnite, 258 
Stilbite, 385 
Stolxite, 251 
Stream tin, 235 
Stromeyerite, 281 
Strontianite, 302 
Succinite, 339 
Sulphur, 335 
Sylvanite, 288 
Sylvite, 291 

Talc, 344. 392 
Tantalite, 212 
Tellurium, 337 
Tennantite, 268 
Tenorite, 271 
Tetradymite. 254 
Tetrahedrite, 269 
Thenardite, 295 
Thomsonite, 387 
Thorite, 240 
Thulite, 379 
Tin stone, 235 
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TiBlaU^$3« 
TImfe boa on, ao6 
Tltaalto,i95 
Topw, 375 

TMirautiB*, 981 

iVtnoliM, 364 
TridSTBilto, 390 
THptajflits, aQ9 
Triplite,u8 

THpoHM»3Si. 
jTnNMif sp^ 
TtaoatiMytst 

Tarquotof 3*8 
Vl«slte,333 



Uabw.Mt 

Unurialte,a6o 
Uvuovlit, 370 

Vaknitlaltoa 160 
Vift0adiidtef ii^ 
▼«d4UMiqa«, 3^ 

VMavlaalt*; 3fs 
Vlviaalt«» ao} 

.Wad,nf 
Wattr,337 

WBViUlte,3i9 
^VwBcritit 37* 
WUttiffOB piycllH^ t99 
lMdcMia47 

Wlli«mlt«, sji 



IHrOUkWUllSy US 
WollMlOBita, 3|6( 

Vood-opid, 391 

wood tiiif 03s 
Walflmll«» 030 

YdlMravp«on^af7 

Tollov odm, ooS 
Ydlov qiHKU^ 34S 

SanHltOyO^ . 
ZIk U«ndt, ool 

vltflOl^OOjl 



SlMttB,oa9 
21fCoa,374 



